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OPERATIONISM 


Chapter I 


THE GENERAL PROBLEM 
OF OPERATIONISM 


1. Introduction 


E VER SINCE PHYSICISTS experienced the shock of the rela- 
tivity theory, which compelled them to abandon some of 
the most favored of their traditional “absolutes,” they have 
been turning increased attention to a re-examination and 
criticism of their methods. One clear-cut indication of this 
new interest was the publication in 1927 of The Logic of 
Modern Physics by the Harvard University physicist, P. W. 
Bridgman. In this book a new theory of method was de- 
fined and proposed. In spite of Bridgman’s insistence that 
he was merely describing the procedures of the physicists 
and not developing a new theory of knowledge, the point 
of view which he adopted has come to be called “opera- 
tionism” or “operationalism.” It claimed to provide a cri- 
terion for eliminating vague and meaningless concepts by 
arguing that all concepts should be defined in terms of 
empirically performable operations. While there was some 
criticism of Bridgman’s formulation of the method, his 
general proposal was accepted by most physicists as the 
procedure most likely to contribute to the advancement 
of physics and, in particular, most likely to avoid future 
difficulties of the kind created by the theory of relativity. 

While this fact would have been sufficient to justify the 
importance of Bridgman’s contribution to the theory of 
method, a more significant consequence was the general 
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adoption of his point of view by other scientists, particu- 
larly by sociologists and psychologists. This spread of inter- 
est in the method unfortunately resulted in a great con- 
fusion both in the understanding of what the operational 
method really involves and in the proper evaluation of the 
arguments which are raised for and against its use. There 
is need, therefore, for a critical examination of operation- 
ism. This should summarize the various contributions to 
the topic, distinguish and clarify the alternative definitions 
proposed, examine arguments for and against the use of 
the operational method, and provide a generalized opera- 
tional theory. 


2. Vagueness and Ambiguity of the Term 


There are several difficulties confronting one who at- 
tempts to discuss operationism in a comprehensive and 
painstaking manner. Noteworthy among these is the 
vagueness and ambiguity of the term. Bridgman himself 
defines the word in a variety of ways. For example, the 
following statements, arranged in order of publication, de- 
fine or otherwise significantly characterize his operational 
point of view: (1) “The concept is synonymous with the 
corresponding set of operations,” 1927 (14:5). (2) “Mean- 
ing ... is to be sought . . . in operations,” 1934 (17:- 
103). (3) Operations are a “necessary” but not a 
“sufficient” condition for the determination of meanings, 
1938 (21:116). (4) “The operational aspect is not by any 
means the only aspect of meanings,” 1952 (29:257). This 
change in the conception of the relation between meaning 
and operation amounts almost to a contradiction if state- 
ment (1) is compared with statement (4). 

Interpreting Bridgman more liberally, we can readily 
detect in his writings at least two meanings of the term 
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“operation” — one specific or narrow, and the other general 
or broad. The specific use restricts the word to physical 
operations, and even at times to metrical operations. The 
general use allows mental, verbal and “pencil and paper” 
operations to be included under the term. These two 
meanings are quite different and unless they are kept 
distinct great confusion results. Unfortunately, not only 
Bridgman but many of the other writers on operationism 
frequently use the term without further qualification, and 
the reader is often left more or less completely in the dark 
as to what positions these writers are defending in case 
they are accepting operationism, or as to what positions 
they are criticizing in case they are rejecting it. 

Similar difficulties arise when other writers on the topic 
are taken into consideration. Each author seems to feel 
under obligation to define the term “operation, or to 
modify and improve upon definitions already proposed. 
The result is a wide range and variety of definitions, many 
of them inconsistent with one another. Several studies 
of operationism (36, 39, 47, 48) take the form of attempts 
at “operational definitions of the term ‘operation.’” One 
of these (48) is designed to show the unreliability of the 
accepted definitions of “operation.” In this study four 
definitions were selected, and a group of graduate students 
at Duke University were asked to state whether each of 
twenty phenomena was or was not operational according 
to each of the four definitions. While the definitions varied 
widely in reliability the answers in all cases thoroughly 
justified the conclusion that greater reliability is badly 
needed. The net results of all these studies are hardly en- 
couraging either from the point of view of precision in 
the way in which the term “operation” is defined, or from 
the point of view of consistency among the many defini- 
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tions proposed. As a consequence, the general discussion 
of the operational point of view poses unusual problems. 


3. Need for Analysis of Presuppositions 


A second difficulty in discussing “operationism” centers 
about the problem of whether the point of view is to be 
taken as a concrete description of actual techniques of 
knowing, or as a general theory of knowledge. Bridgman’s 
statement on this issue is unequivocal. He has vigorously 
denied that he is attempting to set up a philosophical 
system or to develop an elaborate and profound new 
theory of the nature of meaning (21:114). He has cau- 
tiously avoided the words “operationism” and “operation- 
alism.” He is not, he insists, attempting to present us with 
anything esoteric (21:114). He is not telling us how we 
ought to think, either in physics or in any other field. On 
the contrary he is simply describing certain methods 
which physicists have found successful in dealing with 
their subject-matter. These men have been led, particular- 
ly in recent years, to adopt a more critical attitude toward 
many of their concepts, and to initiate a method which 
is designed not only to meet certain difficulties which have 
arisen but also to prevent the appearance of even more 
complicated problems of a similar kind in the future. Thus 
Bridgman is saying in effect, “We find ourselves in an 
awkward situation in physics. This seems to be the result 
of certain methods which we have more or less uncon- 
sciously employed. Let us try another approach—the 
operational method—and see where it leads us.” While he 
suggests that the method might well be extended to other 
areas of thinking, particularly to the social sciences, he 
avoids, at least in his later writings, the dogmatic claim 
that meanings must be operational, or that meanings in- 
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volve nothing but operations. He restricts himself to as- 
serting that as a physicist he has found it unnecessary to 
be concerned with anything more than the operational 
aspects of meaning (21:116). 

In the face of such unprepossessing claims one hardly 
knows how to proceed. If Bridgman is not founding an 
“ism” but is merely describing certain methods which are 
employed by physicists today and which are proposed for 
more extended and consciously controlled use in the 
future, one can only ask whether the use is actually such 
as Bridgman describes, and whether the proposal for the 
future will succeed in avoiding the difficulties which it is 
designed to eliminate. In this case the “analysis” of opera- 
tionism will consist in talking with physicists and watch- 
ing them to see whether they are in fact employing the 
method, and in urging them to extend its use in order to 
see whether this brings about the anticipated results. 

But there are two factors in the situation which suggest 
that a deeper analysis of the position is called for. In the 
first place, while Bridgman has not himself endeavored to 
discover the postulates which underlie his point of view, 
there clearly are certain presuppositions upon which it 
rests. The disclosing of such postulates is a difficult task, 
and one should not condemn Bridgman because he has no 
taste for this sort of enterprise. In a very recent statement 
he expresses surprise because so much of the concern of 
others in dealing with operationism has been with abstract 
methodological questions and with the erection of philo- 
sophical systems rather than with following out “the more 
concrete and obvious leads” (30). One can well under- 
stand Bridgman’s lack of interest in such problems. But 
the fact remains that if the position is to be clearly under- 
stood someone must do this job; methods of knowing are 
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justified only to the extent to which they result in knowl- 
edge, and a discussion of the criteria of knowledge leads 
inevitably into broad philosophical issues. 

In the second place, while Bridgman has been reluctant 
to admit that he is founding anything that can be called 
a “system” or a “philosophy,” his followers have not always 
been so modest. In fact, if we start with Bridgman’s initial- 
ly simple formulation of the position, and then consider 
the modifications in this point of view as these have been 
proposed by his disciples and his critics we can see that 
he has really, perhaps unwittingly, established both a 
creed and a school, with all of the usual accompaniments 
of such social organization—emotional attachments, vigor- 
ous proselytizing, and even internal dissension based on 
differences in the interpretation of the master. This makes 
it even more urgent to examine the position from the point 
of view of its role in a general theory of knowing. 


4, Use of Source Material 


A third difficulty in discussing “operationism” lies in 
deciding how much space one should devote to a mere 
exposition of Bridgman’s ideas. It would be absurd, of 
course, to discuss the position without making frequent 
references to Bridgman. But since his writings are avail- 
able no extended description of his ideas seems called for; 
he is presumably in a position to state his point of view 
more accurately than anyone else. He says, in fact, that 
he has seldom seen a printed discussion of the method 
which he would accept as an accurate presentation of his 
own ideas. It would, therefore, be superfluous and possibly 
even unfair to Bridgman to attempt an exposition of his 
position. 

On the other hand, if an exposition of Bridgman’s point 
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of view could be so devised as to contribute to the clari- 
fication of the various threads and stages of his thought 
this would certainly be helpful. It was suggested above, 
for example, that there are certain apparent inconsist- 
encies in Bridgman’s point of view. May it not be possible, 
however, that these represent not inconsistencies, but dif- 
ferences in emphasis because of special audiences for 
which he was writing, or changes indicating growth in his 
point of view, or even a rendering explicit in his later 
writings of something that was merely implicit in his 
earlier onesP While this growth might not be actually 
traceable in his writings, such an analysis of his position 
would serve to explain the fact that certain criticisms of his 
earlier position are not valid against his later outlook. It 
would also help to explain the fact that his followers do 
not always agree as to what his position involves, since 
they may have caught him at different stages in his de- 
velopment. 

Furthermore, an analytic exposition of Bridgman’s ideas 
might enable us to detect the various threads which make 
up the texture of his position. Two of these would certain- 
ly be empiricism and pragmatism. These are to be dis- 
tinguished not only in Bridgman’s point of view, but in 
that of other writers on the subject. Certain of these, 
notably Lundberg (60:89) and Stevens (83), appear to 
identify empiricism and operationism. This could hardly 
be said to be incorrect since there are so many varieties of 
each of these two positions that some justification for the 
interpretation could almost certainly be found.. For the 
same reason the identification of operationism with logical 
positivism and the entire unity of science movement could 
not be said to be wrong; Roback (74) and some of the 
contributors to the “Symposium on Operationism” (86) 
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appear to do this; and Rapoport (72:viii) goes even 
further, presumably identifying “operationalism” with “the 
philosophy of science.” For the purposes of the following 
discussion none of these identifications need be made. 
The term “operationism” has enough ambiguities in its 
own right, without allowing it to absorb all of those of 
closely associated positions. This is not to deny that 
operationism is part of the empirical tradition, or that it 
| has intimate connections with logical positivism, the unity 
of science and with the philosophy of science generally. 
Even in selecting empiricism and pragmatism as the main 
threads of operationism one may run into terminological 
difficulties. James, for example, considers empiricism and 
pragmatism to be substantially the same. And even if 
they are not identified one must grant that they have close 
affiliations with each other. An attempt should be made 
to keep the two positions separate. Though operationism 
draws heavily both from empiricism and from pragmatism, 
it probably owes more to the former than to the latter; 
Bridgman, for example, makes explicit reference to em- 
piricism but seems to be more or less unconscious of the 
pragmatic element in his position. 

Finally, an analytic exposition of Bridgman would pro- 
vide an opportunity to indicate the main historical factors 
which may have contributed to the emergence of the 
operational point of view. Since Bridgman makes very 
few references to the history of thought this orientation 
would be in no way a statement of the actual sources of 
his thinking. The attempt could be made, rather, to show 
that from the broad historical traditions of empiricism 
and pragmatism operationism draws important elements. 
While it is certainly misleading to say, as Feig] does (44), 
that logical empiricism and operationism are “simply em- 
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piricism brought up-to-date,” nevertheless operationism 
could be better understood if placed in the context of the 
empirical attitude. And while Bridgman seldom refers to 
pragmatism as such, his point of view has much in com- 
mon with the position of Peirce, James and Dewey, and 
could be more effectively described as an example of this 
particular kind of theory of knowledge. 


5. Outline for Discussion 


The assumption will be made throughout the following 
pages that there is a general point of view which can be 
called “operationism.” This is not to imply either that the 
adherents of the position agree as to what its main tenets 
are, or that all of them see clearly what specific postulates 
underlie it. Unquestionably it is, at the very minimum, 
a methodology. But as we shall consider the position it 
involves implicit answers to many questions of the gen- 
eral theory of knowledge. Probably there is also even a 
metaphysics, or world-view, implied by operationism, but 
considerations of this sort will not be emphasized in what 
follows. 

I shall begin by discussing, largely without critical com- 
ment, Bridgman’s point (or points) of view. In order to 
avoid the charge of misinterpreting him I shall use quoted 
statements liberally. Chapter II will be devoted to the 
empirical aspects of his operationism, and Chapter III to 
the pragmatic aspects. Whatever originality is to be found 
in this treatment will consist in the attempted separation 
of the various threads and stages of his thought, and in 
the brief references to the possible historical origins of the 
movement. In Chapter IV, I shall consider operationism 
as it has been taken over, either uncritically or with modi- 
fications, by writers particularly in the social and psy- 
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chological sciences. In Chapter V, I shall present what 
seem to be the main inadequacies of the operational point 
of view; these will be designed to show not the impossi- 
bility of operationism but the difficulties which arise when 
it is interpreted too narrowly. This will prepare the way 
for the presentation, in Chapter VI, of a generalized opera- 
tional theory. 


Chapter II 


BRIDGMAN’S EMPIRICISM 
1. The General Nature of Empiricism 


Roe CONCEIVED, empiricism is the doctrine that ex- 
perience is the sole source and the sole guarantee of 
knowledge. In the empirical tradition the definition of the 
word “experience” has, of course, been constantly under 
dispute. If the term is interpreted sufficiently broadly all 
knowledge must come from experience, for there can be 
no other source. The phenomenologists, in fact, have in- 
sisted that philosophy should begin with this broad con- 
ception of experience in which anything that can be 
intended or meant is given in some sense. But the his- 
torical empiricists have tried, in opposition to the ration- 
alists, intuitionists, authoritarians and supernaturalistic 
theologians, to restrict experience to a greater or lesser 
degree. This has usually involved, first, a positive affirma- 
tion as to what is contained within experience, and, sec- 
ond, a rejection of certain supposed sources, such as the 
a priori, intuition, and mystic revelation. 


2. Reliance on Experience 


This positive element Bridgman has repeatedly em- 
phasized. At the very outset he frankly admits the em- 
pirical framework of his thinking. The great lesson of 
empiricism, he argues, is that new kinds and orders of 
experience are always possible (14:2). What we have al- 
ready learned may be a guide, but it must be only a guide, 
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as to what the future will disclose. No area of experience 
can legislate over other areas; experience as it reveals 
itself is the final court of appeal. Particularly significant 
in this connection are the changes which we have been 
compelled to recognize in recent years as we have pushed 
experience into new domains—areas of very high veloci- 
ties, very small particles, very high pressures and very 
great distances. What we are discovering is that things 
\do not behave on the “periphery” of experience as they 
do at its core. We must be prepared for all kinds of sur- 
prises. : 

The consequences of this for our conceptual framework 
are highly significant. One of the common traits of our 
linguistic behavior is the tendency to extend words be- 
yond the areas which they were originally designed to 
describe (20:7; 18). If we are not careful we shall be led 
to suppose that all of the original connotations of these 
words apply to the novel situations. But a properly con- 
ceived empiricism should have taught us better. If new 
experiences are continually emerging have we any right 
to assume that our concepts have applicability when they 
are thus extended? We know that heat does not apply 
to individual molecules and color does not apply to in- 
dividual electrons. May it not be also that space and time 
do not apply to very small particles, and that length and 
mass do not apply to objects traveling with extremely 
high velocities? 

The specific problem of this new empiricism arose in 
Bridgman’s thinking in the attempt to explain what has 
happened in recent physics, particularly in connection 
with the theory of relativity. This theory, argues Bridg- 
man, has compelled us to modify our views as to what 
constitutes useful concepts in physics. It has shown that 
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many concepts which had hitherto been defined in terms 
of “properties” can no longer be so defined. His favorite 
example is Newton’s concept of time as “absolute, true 
and mathematical” (14:3-9). We can have no assurance 
whatsoever that anything of this kind exists in nature, 
since all our techniques for detecting the flow of time are 
relative to instruments and processes. There is no sense 
-in speaking of an absolute time when the only time we 
can know is relative. Other concepts of essentially the 
same kind are empty space, the inside of an opaque body, 
the inside of an electron, the absolute motion of a star, 
and the identity of an electron. A physics which contains 
concepts of this kind becomes purely abstract and as far 
removed from reality as the abstract geometry of the 
mathematicians, built wholly on postulates. 

The procedure for eliminating such concepts and re- 
placing them by others which are more useful is a very 
simple one. It is based on the fundamental claim of em- 
piricism that concepts get their meanings ultimately in 
terms of actual experiences. Consider, for example, the 
concept of length. We know what we mean by the con- 
cept of length only if we have some method by which we 
can tell the length of any given object. At the level of the 
usual objects of. experience this method is clear-cut and 
definite; it involves performing the physical operations of 
measurement. “The concept of length involves as much 
as and nothing more than the set of operations by which 
length is determined . . . the concept is synonymous with 
the corresponding set of operations” (14:5). 

From the point of view of clarity and precision this 
statement of the operational theory could hardly be im- 
proved upon. It seems to say exactly what Bridgman in- 
tended it to say. Concepts are meaningless unless they can 
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be tied to experience in some way. Without empirical 
contacts they run the risk of becoming lost in mere verbal- 
isms; words become substituted for words, and the process 
either goes on endlessly or terminates in the appeal to 
non-empirical sources. The only alternative is to recognize 
that the ultimate route of clarification is through direct 
experience. A term is defined, he argues, when the condi- 
tions are stated under which one may use the term and 
when one may infer from the use of the term by his neigh- 
bor that the same conditions prevail (86:246). Ultimate- 
ly this always involves activity of some sort, even if it is 
nothing more than placing oneself in a position such that 
his sense organs may be acted on by a certain object. In 
physics it commonly involves physical operations, espe- 
cially creating and setting up various kinds of recording 
and measuring devices, and then reading the results. 
From this it seems clear that the operational approach 
should enable us to handle the situation created by the 
advent of the theory of relativity. In terms of an opera- 
tional theory absolute space, time and motion become 
meaningless. If concepts are defined operationally, and 
specifically in terms of actually performable operations, 
a concept can have no meaning when extended to areas 
in which the operations cannot be performed. There is 
always the possibility, of course, that new operations may 
be found in the new areas. But if the operations are differ- 
ent, the concepts must be different. Even in borderline 
cases, where alternative operations may be performed and 
may be demonstrated to produce the same results, it is 
often advisable to recognize the difference in the opera- 
tions by inventing two concepts, corresponding to the 
respective operations (14:23; 21:121). It is never safe to 
assume that the operations will continue to produce the 
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same results when extended to the new area (86:247). If 
we always replace the old concepts by new ones when the 
operations change, we can be sure that we shall never 
have to retract anything we have already said; for the old 
concepts will continue to apply to the former area, and 
the new concepts—being definable by means of perform- 
able operations in the new region—must continue to apply 
to this area (19:10). 

It is important, furthermore, that the operations be 
actually performable. This gives the concept the “validity 
of actual experience” (86:246), and prevents inconsistency 
or contradiction from entering into our concepts. 

But how can we know what operations are actually per- 
formable? Definition will not enable us to decide, since in 
order to define an operation we must use another opera- 
tion, and this must in turn be defined operationally. Bridg- 
man avoids this infinite regress by pointing out that the 
verbal process eventually terminates in a situation where 
we can point at an operation and imitate it (86:248). Such 
an operation is closer than other forms to “primary ex- 
perience” (21:118). No operation can, of course, be 
uniquely defined any more than can any other physical 
entity, and we can never be absolutely sure that we are 
correctly performing an assumed operation. But certain 
operations seem to us so simple that when we are told to 
perform them we can do it unequivocally (21:118). 


3. Denial of the A Priori 


It was stated above that empiricism usually involves as 
a positive doctrine a statement of what is contained within 
experience, and as a negative doctrine a rejection of other 
supposed sources of knowledge. We have seen something 
of Bridgman’s positive doctrine. Negatively, also, how- 
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ever, he identifies himself with the empirical tradition. 

In the first elaboration of his position (14:3) he makes 
this quite evident. “The attitude of the physicist must . . . 
be one of pure empiricism. He recognizes no a priori prin-_ 
ciples which determine or limit the possibilities of new 
experience. Experience is determined only by experience. 
This practically means that we must give up the demand 
that all nature be embraced in any formula, either simple 
or complicated.” Since new experiences are always pos- 
sible, and since our previous exploratory acts have dis- 
closed the fact that as we extend experience we are con- 
tinually being confronted with new objects and modes 
of behavior, we must rigidly refrain from legislating in 
advance as to the character of nature. All that we can 
do is to wait until these new areas have disclosed them- 
selves to us; then we must take them as we find them. 

In this strong rejection of the a priori Bridgman places 
himself firmly within the empirical tradition. Locke, too, 
rejected anything which presumed to be determinative or 
regulative of experience; Hume argued that no source 
other than experience would ever enable us to infer an 
effect from a cause; and Mill insisted that the uniformity 
of nature and the law of universal causation were not a 
priori beliefs but simply inductions from experience. With- 
out doubt Bridgman would, in common with other em- 
piricists, reject Kant’s rationalistic claim that the proposi- | 
tions of mathematics are synthetic a priori judgments, | 


though Bridgman’s view as to the status of mathematics \ 
is not clear. On the one hand, he says that it is “just as 
truly an empirical science as physics or chemistry” 
(19:52); on the other, he insists that it is a “human inven- 
tion” (14:60). Certainly these two statements are not 
equivalent to one another, and they might even be con- 
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sidered incompatible. But even if they cannot be recon- 
ciled they have in common the opposition to anything like 
an a priori; if mathematics is either a natural science or a 
human invention it will most certainly have nothing to do 
with innate ideas, or with principles which are self-evident 
or in any sense presupposed by experience. Thus one can 
say that Bridgman is an empiricist in his rejection of the a 
priori, though one might have difficulty determining from 
his writings just how he takes care of the problems which 
the conception of the a priori was designed to solve. 


4, Rejection of Mysticism 


As for mysticism, Bridgman is willing to grant that 
mystical definitions may be operational. But they are 
quite different from the operational definitions of the 
physicist. “Observation will show that the operations of 
the mystic include arguing for some system of philosophy” 
(20:77). “The state of mind that uses mystical definitions 
and is so convinced of their correctness that it is sure that /// 
no experimental check is necessary . . . has been shown 
by the experience of the last 300 years to be so hopeless 
for dealing with the world that we shall simply ignore it” 
(20:28). “All of our concepts of a mystical or supernatural 
character take their rise from the inertia of verbal pat-j, 
terns and forms, and . . . observably the only meaning 
which can be associated with these concepts is that they 
permit the operation of being used with certain verbal 
forms, that is, these are verbal concepts” (20:89). 

Mysticism, therefore, is identified in Bridgman’s mind 
with all philosophical system-building which uses rational 
as opposed to empirical methods. To characterize it as 
operational is not to justify it, for the operations are verbal 
rather than physical, and it is therefore “hopeless” for 
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dealing with the world. One cannot assume, of course, 
that in rejecting mysticism as a method for physics he is 
also rejecting it as a method for religion or for some other 
phase of life; this question has not, so far as I know, been 
considered by him, and no answer can be assumed. But 
one can say that in other respects he gives every indication 
of identifying himself with the naturalistic strain of em- 
piricism. 


5. Restriction to Particulars 


Thus Bridgman has explicitly stated that experience is 
to be understood in such a way as to exclude the a priori 
and the mystical. He has also, by implication, introduced 
a further restriction. Experience, for Bridgman, at least 
to the extent to which it is made up of operations, con- 
tains no universals but only particulars. “Operations are 
performed by human beings in time and are subject to the 
essential limitations of the time of our experience—the full 
meaning of any term involves the addition of a date— 
future operations mean nothing except as they are de- 
scribed in terms of operations performed now” (19:41). 
This means that an operation is an act performed by a 
given individual at a given time and place. As such it is 
not, strictly speaking, repeatable; another operation, how- 
ever similar to the first, and even if performed by the same 
individual, would be a different operation. If I measure 
the length of a table twice, I cannot give the same mean- 
ing to the word “length” in the two cases since, even if 
I come out with the same result on each occasion, the two 
operations must differ at least as spatio-temporal events. 
Hence in this aspect of his position Bridgman may be 
taken to be denying all generality in experience. While 
it is true, as we shall see later, that he allows for repeatable 


Bridgman’s Empiricism 21 


operations and for operations which are equivalent to one 
another; nevertheless even these operations are particular, 
and he thus creates for himself the problem of accounting 
for abstract and general ideas, and of explaining why our 
vocabulary is not made up wholly of proper names. 

This emphasis, again, represents an important phase of 
the empirical tradition. The empiricist has repeatedly 
argued that common sense is essentially right in claiming 
that knowledge is primarily of particular objects—the con- 
crete things of our everyday lives, such as tables and 
chairs, rocks and mountains, plants and animals. These 
are characterized by spatio-temporal location, and 
each object is unique in the sense that two objects cannot 
occupy the same space at the same time. Space and time 
are principles of individuation, and all that we can know 
is specifically determined in this way. The negative equiv- 
alent of this is the denial of any such thing as a universal 
or a general object; there are only particular men, and 
there is no universal man. 

This emphasis on particulars has been characteristic of 
empiricism, and has associated the position with all forms 
| of nominalism and conceptualism. Some of the early 
Greek philosophers had theories of perception, in which 
the attempt was made to show how we obtain knowledge 
of particulars. While Plato departed from the empirical 
tradition by arguing that the forms were more real than 
the particulars, Aristotle is sometimes considered to have 
corrected his teacher in this regard. The emphasis on 
particulars again appears in the late Medieval period in 
William of Occam, and is strongly represented in the 
empiricisms of Hobbes, Locke and Hume. For all these 
writers universals have only the reality of ideas or of 
names, and there is needed a theory of abstractive opera- 
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tions by which concepts may be derived from individual 
objects. John Stuart Mill carried on the tradition and 
developed a theory of “comparison and abstraction” by 
which general ideas are extracted from particulars. Some 
of the operationists, as we shall see later, have tried to 
counteract this extreme emphasis on particulars by in- 
troducing “generalizing” operations; but most of the group 
either seem to be completely oblivious to the problem 
of the nature of general ideas, or to have decided that 
since only particulars exist the entire problem is an illegiti- 
mate one. 


6. Conflict Between Objectivism and Relativism 


There is still another aspect of Bridgman’s position 
which suggests that it is part of the long tradition of em- 
piricism. This factor is particularly significant since it 
represents an unresolved conflict in the empirical point of 
view—yet a conflict which has been present throughout 
the history of the movement and has exhibited itself as an 
alternation of views within the movement itself. This is 
the conflict between objectivism and relativism. On the 
one hand, the empiricists have tended to think of them- 
selves as realists; many have even accepted materialism, 
and most empiricists have felt that in knowing we are 
presented with a world which exists independently of us 
and which we are able to know in its essential characteris- 
tics. If this is true, knowing is primarily passive rather 
than active, it “does nothing” to the object but merely 
receives impressions from it. One thinks immediately of 
Bacon’s “listening to nature,” and of Locke’s “passive un- 
derstanding” which merely records impressions upon a 
“white paper, void of all characters.” Knowing is not a 
matter of creating, or even of modifying, but merely of 
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receiving. But, on the other hand, many empiricists have 
recognized that the situation is more complex than this, 
and that the perceiver may, in the very act of perception, 
not only contribute something to the known object but 
even actually create it. The result is that our knowledge 
may be considered to be a function not merely of the 
object known but also of our knowing operations. Some 
such view as this is found as early as Empedocles. Accord- 
ing to him knowledge of an object is produced by the 
meeting of particles from the object and particles from 
the eye; the image which results from this meeting is in 
part created by the observer since his sense organs are 
active rather than passive in the process and thus con- 
tribute to the character of the knowledge. Hence knowl- 
edge is relative, not objective, and we may never be able 
to know objects as they really are. 

In Bridgman these two conflicting strains are equally 
evident. On the one hand, he seems to be an objectivist. 
“The only possible attitude toward the facts of experience 
as it unrolls is one of acceptance” (19:15). Experience is 
determined only by experience; as new areas are disclosed 
we can only accept what we find. Our present quandary 
in physics is the result of trying to force experience into 
molds determined by our own thinking. That what we 
are obliged to accept is the physically real, is perhaps not 
essential to Bridgman’s position, although the main thread 
of empiricism strongly favors this interpretation; in view 
of Bridgman’s later broadening of his point of view this 
restriction should not be insisted upon. But even if ex- 
perience is extended to include the social as well, the final 
court of appeal is something which we do not ourselves 
make; it is something which is given to us and to which 
our conceptual tools must be adapted. 
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However, there is also in Bridgman a dominating rela- 
tivism, which at many points becomes an out-and-out 
subjectivism. One of the main consequences of the opera- 
tional point of view, he argues, is that all knowledge is 
relative (14:25), and one of the most revolutionary in- 
sights which has come out of our recent experience in 
physics is that we cannot transcend the human reference 
point (28:5). This is true ina general sense; since know]- 
edge rests upon operations and all operations are relative, 
all knowledge must be equally so. But it is true also in a 
special sense; since size, motion, rest and other concepts 
are defined by operations which are specifically relative, 
there can be no such thing as absolute size, or motion, or 
rest. In a much more extreme sense of relativity the ob- 
server can never get outside himself at all; direct experi- 
ence embraces only the things in his own consciousness— 
sense impressions and various sorts of cerebrations—and 
nothing else (19:13). This, Bridgman acknowledges, may 
be solipsism, but if it is “we have got to adjust our thinking 
so that it will not seem repugnant” (19:15). (It should be 
noted in this connection that Alpert says flatly that opera- 
tionism must be rejected if it requires a solipsistic episte- 
mology (4:857) ). That Bridgman cannot get away from 
this subjectivism is indicated by the repeated references 
which he makes to it, particularly in his later writings 
(20:142-59; 26:ch. 3; 86:281-4). Yet he nowhere succeeds 
in reconciling this with his objectivism. 

It might appear that in the notion of operation Bridg- 
man has, in fact, achieved this reconciliation of relativism 
and objectivism. Consider the sense in which the mean- 
ing of any concept is relative to operations. This seems to 
destroy objectivity, for we can know objects only by per- 
forming operations on them; and since operations are our 
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acts, and our acts are relative to us as actors, objects can be 
known only as they are known relative to us. But a kind of 
objectivity remains, for while it is true that operations are 
individual and performed at a specific time and place, they 
are repeatable and their relativity is thus not too signifi- 
cant. Furthermore, operations which are significantly dif- 
ferent in kind may often be substituted for one another, 
hence the specific character of the operation is not always 
determinative of the resulting concept. Finally, the opera- 
tions, at least in Bridgman’s earlier statement of his posi- 
tion, are physical and thus have a distinctive kind of ob- 
jectivity; for example, a concept which is operationally 
defined in terms of a physically impossible operation must 
be a meaningless one (86:246-7; 19:9)—a fact which pre- 
vents us from being carried away by operations and from 
introducing into our conceptual scheme notions which 
have no direct empirical relevance. 

But that this does not solve Bridgman’s problem can 
be seen by comparing his solution with that of Locke. If 
one disregards the difference between physical and mental 
operations the close resemblance between the views of 
these two individuals becomes at once apparent. Consider, 
for example, the position of Locke. While he argued for 
the essential passivity of man so far as simple ideas are con- 
cerned, he was convinced that knowledge contains also 
complex ideas. “As the mind is wholly passive in the re- 
ception of all its simple ideas, so it exerts several acts of its 
own, whereby out of its simple ideas as the materials and 
foundations of the rest, the others are framed. The acts of 
the mind, wherein it exerts its power over its simple ideas, 
are chiefly these three: (1) Combining several simple 
ideas into one compound one, and thus all complex ideas 
are made. (2) The second is bringing two ideas, whether 
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simple or complex, together, and setting them by one 
another, so as to take a view of them at once, without 
uniting them into one; by which it gets all its ideas of re- 
lations. (3) The third is separating them from all other 
ideas that accompany them in this real existence; this is 
called abstraction: and thus all its general ideas are made” 
(55:213-4). 

The close similarities between Bridgman and Locke are 
obvious. Both use the term “operation” to designate the 
acts which are required to give content to certain ideas. 
Both think of the operations as in some significant way 
involved in the determination of the meaning of the re- 
sultant concept. Both distinguish kinds of operations and 
endeavor to show how a derived concept is functionally 
related to the operation performed. Both would argue 
against the passivity of the knower, at least in this kind 
of knowing, and would insist that knowing always in- 
volves doing something, i.e., performing certain acts. 

But aside from these similarities there is an important 
difference. For Locke knowledge is not only of complex 
\ideas, determined operationally, but also of simple ideas, 
not determined operationally. Thus Locke allows for the 
fact that we can know some things without the inter- 
mediary of operations, hence not all knowledge is relative. 
Bridgman, in insisting that all physical concepts be de- 
fined operationally, leaves no room for physical knowledge 
which can be acquired in any other way. Because of this 
we have no place to “attach” our operations, and we have 
no means of determining what it is that we are trying to 
know by means of operations. There exists for Locke a 
world of things with their primary and secondary quali- 
ties; these objects exist independently of being known, and 
can, moreover, be known either passively, by means of 
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simple ideas and without the intermediary of operations, 
or actively, by means of complex ideas which require 
operations of the mind. For Bridgman there is no assur- 
ance of such a world, since, if it existed, we could know it 
only through operations and these would appear to de- 
termine its character exhaustively. We should carefully 
avoid the assumption, he insists, that because there are. 
limits to the operationally meaningful there is a certain, 
realm—the operationally meaningless—beyond this. For 
such a supposed world would readily “become the play- 
ground of the imagination of every mystic and dreamer’ 
and “let loose a veritable intellectual spree of licentious 


and debauched thinking” (15:451). 


7. Positivism 


Finally, there is in operationism a strong positivistic ele- 
ment. This is more evident in some of Bridgman’s fol- 
lowers, as we shall see in Chapter IV, than it is in Bridg- 
man himself. It is expressed in an anti-metaphysical at- 
titude, a favoring of operationally defined constructs over 
hypotheses, and a strong reliance on a clear-cut principle 
by which to bring about the elimination of all “unneces- 
sary elements from the world. This positivistic tradition, / 
which may be looked upon as a narrow version of em-) 
piricism, goes back at least to Bacon who preferred “in- 
terpretations” to “anticipations” of nature, and to Newton 
who argued against the use of hypotheses in natural phi- 
losophy. Newton claimed that the true method, the meth- 
od of analysis, “consists in making experiments and obser- 
vations, and in drawing general conclusions from them by 
induction, and admitting no objection against the conclu- 
sions, but such as are taken from experiments, or other 
certain truths. For hypotheses are not to be regarded in 
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experimental philosophy” (67:404). Contrasted with this, 
he argued, is the method of those who follow the Scho- 
lastics. These philosophers, who “assume hypotheses as 
first principles of their speculations, although they after- 
wards proceed with the greatest accuracy from those prin- 
ciples, may indeed form an ingenious romance, but a ro- 
mance it will still be” (66:xx). The positivistic attitude 
appeared again in Comte, whose law of the three stages 
in the development of knowledge described man’s progres- 
sive abandonment of theological and metaphysical hy- 
potheses in favor of the purely descriptive (operational ) 
approach. Following Comte, Ernst Mach and Karl Pear- 
son took up the tradition and in both of them one finds 
a strong aversion to all hypotheses. Bavink has recently 
called the positivistic attitude “hypotheseophobia” (6:- 
39). While one cannot say that Bridgman is a strong 
advocate of this position, there is, throughout his writ- 
ings, an insistence on the need for defining scientific con- 
cepts by construction out of experimental data rather than 
by the crude methods of imagination and speculation. 

It appears, then, that Bridgman is a good empiricist, 
both in his positive emphasis on experience as the source 
of knowledge, and in his denial of the need for supposing 
that either the a priori or the mystical has any cognitive 
role to play. He is empirical also in his strong emphasis 
on particulars, rather than universals. He does not suc- 
ceed in reconciling his objectivism with his relativism, 
since he argues both for the acceptance of experience as 
it is given and for the dependence of our ideas upon the 
methods by which they are operationally derived; but 
in so doing he is merely taking over a conflict which has 
characterized the empirical tradition itself. Finally, he 
accepts the general spirit and approach of the positivists. 
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8. Bridgman’s Change in Point of View 


But while Bridgman has shown himself to be an em- 
piricist in all of his writings, his earlier statements indicate 
a somewhat more narrowly conceived position than do 
his later ones. The operationism of his Logic of Modern 
Physics is dominantly a physical operationism—one might 
even say a metrical, physical operationism. Concepts, to 
be useful, must be defined in terms of measurement op- 
erations, and the operations are exhaustive of the mean- 
ings of the concepts since the concepts are synonymous 
with the operations by which they are obtained. To be 
sure, even here Bridgman does acknowledge the existence 
of “mental” operations, but this is hardly more than a 
bow of recognition; in terms of his illustrations and in 
terms of his exposition one gets the impression that mental 
operations, if not an undesirable substitute for physical 
operations, are certainly unimportant in the clarification 
of most physical concepts. The fact that Bridgman did 
suggest this extremely limited operationism is very signifi- 
cant. It is responsible not only for many of the criticisms 
of Bridgman which he himself, in view of his later writ- 
ings, considers unfair, but also for many similarly re- 
stricted operational theories adopted by sociologists and 
psychologists. He has recently stated (30) that if he were 
to discuss the position again he would begin with the 
more general point of view, thus avoiding confusion. 

In fairness to Bridgman, therefore, his later writing 
must be taken into consideration. When we bring these 
into the picture, and by means of them interpret some of 
the vague suggestions which he makes in his earlier writ- 
ings, we come out with an operational theory which is 
quite different. The two positions may be contrasted in 
two ways, which reduce, fundamentally, to the same thing. 
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On the one hand, the “earlier” position seems to give 
operations an important, and even an exhaustive, role in 
the definition of meanings. All meanings should be op- 
erational, and meanings should involve nothing more than 
operations (21:116). This, he later admits, imposes 
unnecessary limitations on meanings. Operations are a 
necessary condition for meanings, not a sufficient one; 
meanings are “to be sought in operations” (17:103), 
though not always to be found there; hence all we can 
say is that unless we know the operations we do not know 
the meanings. His strongest statement of this view is 
that “the operational aspect is not by any means the only 
aspect of meaning’ (29:257). This clearly permits the 
existence of meanings which are not operationally 
definable. 

But on the other hand, the “earlier” position seems to 
restrict the term “operation” in a very narrow way. All 
operations should be physical and, if possible, metrical. 
This, he later admits, is misleading. There are many 
legitimate non-physical operations, variously called “men- 
tal,” “verbal” and “paper and pencil,” and these are sig- 
nificantly involved even in situations which would be de- 
scribed as predominantly “physical” (21:123; 28:3; 23:ix). 

While Bridgman is certainly to be commended for hav- 
ing recognized these two sharply differentiated kinds of 
operational theory, one wishes that he had always taken 
pains, in a given context, to indicate clearly which theory 
was the focus of his discussion. Many criticisms which 
are valid against the narrow operationism are completely 
invalid against the broader one. Furthermore, the distinc- 
tion between the two theories could have been greatly 
sharpened if Bridgman had provided us with a more 
satisfactory analysis of non-physical operations. For ex- 
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ample, it is difficult at times to tell just what his attitude is 
toward verbal operations. They seem to be permitted, 
since verbal concepts are often helpful in producing de- 
sired action in others and may even be useful to ourselves 
as intermediate terms in our thinking; nevertheless the 
use of such methods of definition appears not to be en- 
couraged. Most definitions of this kind resort either 
to an infinite regress of other terms or to terms with mysti- 
cal or supernatural import. “Particularly in philosophy 
and religion have our verbalisms run away with us like 
wildfire” (20:90). In fact, the situation in these fields is 
so bad that Bridgman recommends scrapping all tradition- 
al philosophy and religion and starting again from the 
beginning. If Bridgman had provided us with a more 
clear-cut conception of a verbal operation, and of the 
way in which it is to be distinguished from other mental 
operations we should be in a better position to evaluate 
this wholesale condemnation of philosophy and religion. 
An attempt will be made in Chapter V to bring together 
various of Bridgman’s statements relative to the nature 
and role of mental operations in thinking. 

While one cannot say that Bridgman breaks with the 
empirical tradition in introducing mental operations, since 
these kinds of operation played an indispensable role in 
Locke’s theory, nevertheless one can say that in adopting 
a highly generalized notion of operation he is identifying | 
himself more closely with the pragmatists. We shall 
therefore turn to an exposition of the pragmatic aspects of 
Bridgman’s operationism. 


Chapter III 


BRIDGMAN’S PRAGMATISM 
1. The General Nature of Pragmatism 


Een is much more recent in origin than empiri- 
cism. But it has, again, a variety of manifestations. For 
the purposes of this discussion emphasis will be placed on 
two of its elements. The first is the demand for clarity in 
ideas, and for a principle by which concepts may be made 
more precise. The second is the identification of truth 
with “workability,” or, in a broad sense, the definition of 
truth in terms of verificatory acts rather than in terms of 
an absolute relation of “correspondence” holding between 
ideas and facts. An attempt will be made to show how 
these two pragmatic influences have expressed themselves 
in Bridgman’s position. 


2. Emphasis on Clarity 


The emphasis on clarity has not been peculiar to prag- 
matism; empiricism and, indeed, rationalism have argued 
that obscure ideas should be reduced to a minimum, if not 
entirely eliminated from the knowing enterprise. But the 
clarity which the rationalists have sought was to be found 
in innate ideas, or in a special faculty called “reason,” 
which is directed not upon particulars but upon uni- 
versals. Empiricism, on the contrary, has argued that the 
ultimate reference of ideas, even of those which are gen- 
eral, must be to particulars; but since the purpose of such 
reference is to remove vagueness and obscurity, there is 
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a strong emphasis on clarity. Pragmatism has continued 
the fight for clarity, but has shifted its emphasis from the 
bare particulars to the broader behavioral situation in 
which ideas are used. It has argued that thinking itself 
is simply a method by which the knower adjusts himself to 
his environment, and in this complex situation ideas are 
tools or instruments whose effectiveness is to be measured 
by their ability to bring about the desired end. Ideas 
must refer to experience, but experience itself is an inter- 
action of the knower with his surroundings; hence an idea 
is clear to the extent to which it furthers smooth adjust- 
ment. 

Rightly or wrongly, but by common consent, C. S. 
Peirce is usually credited with the origination of the prag- 
matic criterion for clarity. “Consider what effects, that 
might conceivably have practical bearing, we conceive 
the object of our conception to have. Then, our concep- 
tion of these effects is the whole of our conception of the 
object” (69:5.402). “I only desire to point out how im- 
possible it is that we should have an idea in our minds 
which relates to anything but conceived sensible effects of 
things; and if we fancy that we have any other we deceive 
ourselves, and mistake a mere sensation accompanying 
the thought for a part of the thought itself. It is absurd 
to say that thought has any meaning unrelated to its 
only function” (69:5.401). This principle was later taken 
over by James, who pointed out that two ideas which ap- 
pear to have exactly the same consequences cannot be 
two but must be one. 

Bridgman would presumably accept this reduction of 
meanings to sensible effects, and in doing so would identify 
himself with the entire sensationalistic tradition, both em- 
pirical and pragmatic, which culminates in the physical- 
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ism of some of the recent logical positivists. But there 
is an important difference between him and the sensa- 
tionalistic empiricists. The sensed particulars, to which 
reference must be made in all clarification, are operations, 
not things; if concepts are “synonymous” with operations 
there can be no court of appeal but operations. This re- 
quires us to assume, in all strictness, that we can never 
have the “same” construct defined by two differing opera- 
tions. On the basis of Peirce’s criterion, if the operations 
are. sensibly distinguishable the concepts must be 
distinct. “If we have more than one set of operations, we 
have more than one concept, and strictly there should be 
a separate name to correspond to each different set of 
operations’ (14:10). To be sure, we may succeed in 
showing later that these operations are within a certain 
margin of error equivalent. But in order to do this we 
must again employ an operational test, for there is no 
method other than the use of operations by which we can 
show that operations are alike or different. Thus we use 
operations to clarify all concepts, and when these opera- 
tions have themselves become conceptualized we use fur- 
ther operations to clarify them. 


3. Emphasis on Workability 


The other pragmatic factor in Bridgman is the emphasis 
on activity, and, in particular, the strong reliance on work- 
ability as opposed to correspondence in the testing of 
ideas. In this respect he has much in common with Dewey, 
from whose writings the following statements might well 
have been taken: “Science, language, rational thought, 
are devices by which I try to make adjustments and I have 
to find by experiment whether these are successful de- 
vices’ (19:16). “Because of the fundamental properties of 
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activity itself, truth can have no such static, absolute, 
meaning as we would like to give it” (19:42). “How shall 
we tell in any particular case that [an analysis of expe- 
rience] is good enough for our purpose? I have never 
heard any satisfactory answer to this question which I 
have not found to boil down eventually to: “Try and see.’ 
If a particular concept works in the way that we want it to, 
then it is good ‘enough,’ but whether it will be good enough 
or not cannot be told until we have tried” (20:55). Math- 
ematics “is a special sort of intellectual tool, of great 
utility in meeting the situations of practice’ (19:117). 
“The ultimately important thing about any theory is what 
it actually does, not what it says it does or what its author 
thinks it does, for these are often very different things 
indeed” (19:5). In all these quotations the pragmatic 
element is clearly present. While there is some evidence, 
as we shall see immediately, that Bridgman also favors 
a correspondence theory of truth, the pragmatic emphasis 
in these quotations is too strong to be disregarded. The 
entire operational method appears, in fact, to be simply 
a device employed by the physicist to get himself out of 
the difficulties which recent developments in the field 
have originated. Whether these difficulties are “intel- 
lectual” or “practical” makes as little difference for Bridg- 
man as it does for Dewey. The fact that the operational 
theory enables .the physicist to extricate himself from 
them is a sufficient guarantee of its truth; it works and 
that is all that can be required. 


4, Bridgman’s Theory of Truth 


When we ask specifically what Bridgman’s theory of 
truth is, the answer is not so clear-cut as one might wish. 
Certainly the pragmatic emphasis is strong. But some 
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kind of correspondence seems also to be involved. Let us 
attempt to disentangle these two factors. 

The continued emphasis on activity signalizes a domi- 
nant pragmatic element. The true meaning of a term, 
he insists, is to be found by observing what a man does 
with the term, not by what he says about it (14:7). He 
even contends that our understanding of his own opera- 
tional point of view should be determined not so much by 
what he says about it as by what he does with it (21:117). 
In any case, he himself is never sure of a meaning until he 
has analyzed what he does (19:9). Furthermore, the only 
justification for the operational point of view itself is its 
utility; we have simply found from experience that if we 
want to do certain things with our concepts we must de- 
fine them in certain ways (21:119); “by exposing the na- 
ture of the underlying operations, we discover whether 
our terms are really good for what we thought they were 
good for” (86:247). Again, truth must always be relative to 
operations performed by human beings in time; it can 
therefore have no static, absolute meaning (19:42). 
Science itself, and in fact language and rational thought 
in general, are simply attempts on the part of man to fit 
successfully into his environment; he wishes to adjust him- 
self both to the past, in understanding what has gone be- 
fore, and to the future, in enabling himself to make pre- 
dictions. Whether these elaborate devices have proved 
successful can only be shown by experiment (19:16-7). 
Even “existence” can be defined pragmatically, for the only 
test of the existence of any constructions is the fact that 
the concepts work in the way I want them to (19:51). 

This seems like such a clear-cut statement of pragma- 
tism that no further evidence seems called for. But two 
illustrations of his use of the method indicate even more 
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strongly the pragmatic element in his position. Suppose, 
for example, as is often the case in mathematics, that one 
is confronted with a problem whose solution is not known 
to exist. If he finds the solution he may comfort himself 
by saying that it was “really there” all the time, just as 
he does when he finds a lost article. But suppose he does 
not find the solution. Is the solution then “really there,” 
and, if so, what can be meant by this assertion? Bridgman 
believes that at least part of the meaning of “There is a 
solution whether I can find it or not” lies in the program of 
the attempted solution; believing that there is a solution 
I shall go ahead and attempt to derive it. The adoption 
of a program of continued search is one which has in the 
past proved useful, and as a consequence has survival 
value (20:51-2). Then the “real” may sometimes become 
simply “an abbreviated expression of one’s resolution not 
to give up.” (20:53). 

Consider also Bridgman’s interpretation of general prop- 
ositions obtained by induction. To determine what we 
mean by such a proposition we must examine what we do 
with it. “It is a rule of procedure which we accept as a 
valid guide for conduct in cases beyond our present ex- 
perience” (19:34). This is, in fact, the meaning of induc- 
tion. We find that we can formulate rules, simple and 
compact in form, which refer to cases of our remembered 
experiences. We now apply these as rules for our future 
behavior. The belief that these rules are eternal, have a 
metaphysical basis in the universe itself and are therefore 
a secure basis for conduct, has no operational foundation. 
Such principles may be used as a basis for inference, but 
are no more valid than the inductive process itself. A 
principle, in fact, may be called “general” if it is used as 
a major premise in a syllogism and gives us the desired 
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confidence that any conclusions will turn out to be appli- 
cable in practice (20:68). 

But while it is true that Bridgman allies himself un- 
mistakably with the pragmatic position in admitting that 
meanings are operational, he goes far beyond pragmatism, 
as usually understood, when he generalizes the notion of 
operation to the point where it becomes identical with 
“any conscious activity” (86:246). We have seen how 
this occurred in Bridgman’s thinking. Beginning with a 
narrow physical operationism he progressively generalized 
the notion to include various mental operations as well. 
If he had stopped with the conception of operation as 
any act involved in the attempt “to reduce events to un- 
derstandability” (21:115), one might still class him among 
the pragmatists (though “understandability” would have 
to be properly interpreted); at least the cognitive role of 
operations would not have been lost. One might say, in 
fact, that such a general operationism is probably what 
Pratt meant when he said that operationism is a statement 
of nothing more than “the manner in which the present 
generation utters the familiar cry of science, “Be careful’ ” 
(71:81). But when Bridgman identifies an operation 
with any conscious activity or, in a very recent formula- 
tion, with “any consciously directed and repeatable ac- 
tivity” (48:613), he reduces operationism, as he himself 
clearly sees (21:117; 27:253), to a tautology. For if to 
say that a concept is defined operationally is to say merely 
that it is defined in the context of activity all concepts be- 
come operational. Certainly all concepts take on meaning 
by virtue of “what we do with them”; even Newton’s con- 
cept of absolute time is meaningful in the sense that it 
can be defined by verbal operations. Bridgman quotes 
with approval the conception that “science is sciencing” 
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(26:50). This is unquestionably true, since science is an 
activity carried on by human beings. But if the notion of 
operation is generalized to include all activity, operation- 
ism loses its distinctiveness and we no longer say anything 
significant when we say that science is operational or that 
concepts should be operationally defined. 

Furthermore, this pragmatic emphasis on activity is 
not the whole story, for we find in Bridgman also a strong 
inclination toward some sort of correspondence theory of 
truth. He says, in fact, that the success which we achieve 
in our use of language must be due to “its ability to set 
up and maintain certain correspondences with experience” 
(19:19). He then goes on, and in the mood of a prag- 
matic Wittgenstein argues that why we are able to set 
up such correspondences and to maintain them is a mean- 
ingless question; we can simply accept the fact that we do 
so. “The processes of establishing the correspondence 
through which language has meaning cannot themselves 
be described in language, but involve getting outside the 
system of language” (19:20). This correspondence is not, 
of course, close or detailed. In general the structure of 
a language and that of experience are not the same. For, 
in the first place, experience is flowing, changing and re- 
forming; language has only discrete units held together by 
remembered connections. Furthermore, language does 
not provide a unique method for reporting isolated as- 
pects of our experience. Finally, the lack of correspond- 
ence is clearly demonstrated by the fact that all sorts of 
linguistic structures having no known correspondence 
with any experience are perfectly possible (19:21-3). 

The best illustration of the kind of correspondence 
which does hold is to be found in mathematics. Although 
Bridgman’s view of mathematics, as we have seen (p. 18), 
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is not unambiguous, he does argue that mathematics is a 
human invention. Furthermore, since it has been created 
by the physicist for the purpose of describing the external 
world there is no accident in the fact that a correspond- 
ence holds between mathematics and nature. But this 
is far from perfect, for two reasons. In the first place, 
mathematics applies only approximately, due to the errors 
of measurement (14:62-3). In the second place, and 
more importantly, mathematics tends to encourage an in- 
cautious empiricism, for it allows its equations to extend 
beyond the areas where they have strict application (19:- 
68). For example, so far as the equations of motion are 
concerned there is no principle which prevents them from 
being extended to the motions of stars in our galaxy on the 
one hand, or to the motions of an electron about the nu- 
cleus on the other, even though the physical meanings of 
the quantities are quite different in the two cases. Mathe- 
matics, in fact, reminds one of the loquacious orator who is 
able to “set his mouth going and then go off and leave it” 
(14:63). It tends to encourage the pre-operational atti- 
tude toward concepts, by which they are presumed to 
have application in all areas, in spite of the fact that their 
origins lie in highly restricted regions. Hence mathe- 
matics, even if apparently descriptive of the world, con- 
tains reference only to a very small part of the actual 
physical situation. Included in this broader background 
are all the physical operations by which the mathematical 
data are obtained (14:60-5). What mathematics re- 
quires, therefore, is a “text” (19:59). For example, in 
Einstein’s theory the data are merely numbers, viz., space 
and time coordinates. To make contact with experience 
these should be placed in a descriptive background giving 
the physical contents of the events, e.g., that some of the 
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events are light signals. Apart from this background 
mathematics is too abstract to serve as a description of 
nature. 

With regard to the question, therefore, whether Bridg- 
man advocates the pragmatic theory of truth or the cor- 
respondence theory, no clear-cut answer is possible. On 
the one hand, he seems to rest utility on correspondence; 
concepts work because they correspond. But, on the 
other hand, the only justification for the operational point 
of view itself is its utility; we have simply found from ex- 
perience that if we want to do certain things with our 
concepts we must define them in certain ways (21:119). 
Thus by exposing the nature of the underlying operations, 
we are able to test whether our terms will really do what 
we thought they would do. 


Chapter IV 


OPERATIONISM IN THE SCIENCES 


~ 


1. Variations in the Scope of Operationism 


Nae SCIENTISTS operationism has called forth wide- 
spread and varying reactions. In general, those who have 
discussed the method are divided into the protagonists 
and the antagonists, but the line of demarkation between 
the two groups is far from clear. The reason for this is 
apparent. As indicated in the case of Bridgman, the word 
tends to take on greater and greater generality during the 
course of discussion. As a consequence of this shift in the 
meaning of the term, operationism becomes readily identi- 
fiable with a wide range of positions extending from the 
narrow insistence that only quantitative methods may be 
used in science; through the vague demand that science 
be empirical, as opposed to rationalistic, or metaphysical, 
or speculative, or any other notion with which the term 
“empirical” is commonly contrasted; and ending with the 
extremely general position that any concept is opera- 
tionally defined if it produces “understanding.” One can 
readily see that the two extreme positions are not by any 
means identifiable with one another, and that neither of 
these is strictly identifiable with the more moderate posi- 
tion that lies between them. Since our purpose in this 
chapter is to emphasize some aspects of operationism 
rather than to characterize certain writers as definitely 
“for” or “against” the position, this variation in meaning 
will present no serious problem. 


(42) 
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2. Operationism in Physics 


In view of the great variety of ways in which Bridgman 
has used the term “operation” one is not surprised to find 
that both among those who have followed his lead and 
among those who have rejected his proposal there is 
essential disagreement as to what the term, in the final 
analysis, means. The physicists have quite generally 
either accepted Bridgman’s position or, strangely enough, 
more or less completely disregarded it. The disregard, 
one would suppose, implies an acceptance of his position; 
if, as Bridgman maintains, he is merely describing the 
usual method of physics, there is no reason why any physi- 
cist should object to what he is saying. Philipp Frank 
(45:4-5; 46:44-5) describes Bridgman’s operationism with 
apparent approval. Lenzen (51:367) states that the point 
of view “now appears to be generally accepted in physics.” 
He considers Bridgman’s operational definitions to be 
statements of the relations between pure numbers and 
physical objects (52:30)—an interpretation which Bridg- 
man would, I am sure, be quite willing to accept, at least 
so far as metrical definitions are concerned. Margenau in- 
corporates Bridgman’s operational definition in the more 
general concept of epistemic definition, which is con- 
trasted with constitutive definition (62:232 et seq.). 
Northrup has a similar distinction between concepts by 
intuition, which are defined by epistemic correlations (op- 
erations ), and concepts by postulation (68:ch. 5). Lind- 
say is one of the few who have criticized Bridgman’s op- 
erationism. The grounds for this rejection are, surpris- 
ingly enough, that Bridgman has not in fact described the 
usual method of physics; Lindsay argues that the adoption 
of operationism would, on the contrary, make all theoret- 
ical physics impossible, and that the success already 
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achieved by the existing method should make physicists 
cautious about sacrificing it on the altar of operationism 
(53:470). In the joint study by Lindsay and Margenau 
(54:412) the objection is raised that definition in terms of 
measurement is not always feasible. 


3. Operationism of S. C. Dodd 


One of the leading sociologists who has defined opera- 
tionism in terms which would seem general enough to 
eliminate all anti-operationists is Stuart C. Dodd. He 
states that a definition is operational “to the extent that 
the definer (a) specifies the procedure . . . (including 
materials used) for identifying or generating the defi- 
niendum, and (b) finds high reliability . . . for his defini- 
tion” (39:482). A “procedure” is defined as any human 
action which is a means to an end, and communicable by 
the actor. “Reliability” is defined as “any index . . . mea- 
suring the degree of agreement . . . among reobserva- 
tions of the same phenomenon’; this means that “a con- 
cept is reliable in proportion as the designata are constant 
for all interpretants under specified conditions.” All of this 
reduces, he suggests, to saying that “an operational defini- 
tion is any statement . . . which reliably tells what to do, 
first, second, third, and with what ingredients, in order to 
test for the presence of, or to produce, that which is de- 
fined” (39:484). 

Several features of this definition should be called to 
attention. In the first place, there is no specification that 
the operations be metrical, or even that they be physical. 
He explicitly states that operational definitions are not 
limited to quantitative ones, since appropriate formulae 
exist for determining the reliability of qualities as well. 
Thus any process by which the referent of a term may be 
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reliably identified will suffice. Presumably this means 
that verbal operations, and even imaginative operations, 
so far as they can be communicated, are legitimate types. 

In the second place, it should be noted that Dodd makes 
explicit reference not only to procedures but also to ma- 
terials used. In this respect he would almost certainly 
disagree with Bridgman’s statement that a concept is 
synonymous with certain operations. Dodd seems to 
realize clearly that merely indicating procedures (opera- 
tions, in the narrow sense) would leave out the sub- 
stantival element which is part of the referent of every 
concept; operations must always be performed on some- 
thing. 

In the third place, Dodd attempts to clear up an am- 
biguity in Bridgman’s formulation by distinguishing be- 
tween identifying and generating the referent of a con- 
cept. We may specify the referent of the word “cake,” 
for example, either by finding one or by baking one. 
Bridgman’s position is not clear in this regard; he suggests 
at times that lengths are created by measurement, and 
at other times that they are merely identified or recog- 
nized by means of the measuring activities. Dodd has 
certainly improved upon Bridgman in explicitly recog- 
nizing this distinction; there is an advantage in knowing 
that in order to identify a cake we need a good definition, 
but in order to create one we need only materials and a 
recipe. However, even in Dodd's improved formulation 
an ambiguity still remains. He seems to allow for the pos- 
sibility that the mere baking of a cake could be opera- 
tional without any supplementary definitional operations; 
but this seems incompatible with the almost universally 
recognized principle that operationism is a device for 
creating and defining concepts, not for producing things. 
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Finally, Dodd replaces the demand that operations be 
public and repeatable by the simple requirement that the 
definitions which employ them be reliable. Now reliabil- 
ity can itself be measured. Thus definitions are not opera- 
tional or non-operational; they are only more reliable or 
less reliable, and any definition, regardless of how it is 
formulated, will be acceptable provided it has a high 
degree of reliability. To the extent, therefore, that all 
scientists, operationists and non-operationists alike, ac- 
cept as one of the ideals of science precisely defined con- 
cepts, and to the extent that they are willing to employ 
reliability as a measure of this precision, none could object 
to the use of operational definitions. Hence Dodd is an 
excellent example of an operationist who defines his point 
of view in terms so general that few can disagree with him. 


4, Operationism of G. A. Lundberg 


A somewhat more narrowly conceived operationism has 
been defended by G. A. Lundberg. His contributions to 
the theory illustrate a point which is highly significant in 
the consideration of the logical foundations of operation- 
ism, viz., that to the extent to which one insists on a nar- 
row interpretation of the term “operation” one is com- 
pelled to concede the insufficiency of the operational 
method in science. Although Lundberg begins with a 
very general conception of operation, he ends with a be- 
haviorism. The main reason for introducing operational 
definitions, he argues, is to avoid “ambiguousness and lack 
of precision in the definition of concepts” (58:728); these 
are never desirable in scientific work. In the most general 
sense “there is nothing mysterious or magical about the 
word ‘operational’. It is merely a word we use to designate 
a type of communication which ‘gets across’ with high 
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reliability. Thus, a recipe for a chocolate cake may be 
regarded as an operational definition of such a cake” 
(60:89). Objective data, used inductively, must be the 
basis of science (56:394). However, the objectivity 
which we seek is “regarded not as a character of things 
but as those ways of responding which can be corrobo- 
rated by others” (56:192). Hence, in spite of the fact that 
“actually the simplest form of operational definition of a 
word is to point to its referent while enunciating the word” 
(58:730), we cannot know any type of data except 
through the operation of symbolic behavior mechanisms, 
exhibited in the form of language (56:397). 

For Lundberg, therefore, the demand for objectivity in 
science is satisfied by operational definitions. But objec- 
tivity, instead of being a property of things, is really a 
property of our ways of responding to things, particularly 
of our symbolic behavior mechanisms. Consequently, in 
order to produce highly reliable knowledge of the world 
we have only to pay particular attention to our linguistic 
behavior. One can readily see that Lundberg’s behavior- 
ism is more general than others which have been pro- 
posed, since he includes all symbolic processes under the 
category of behavior. But the strong operational slant is 
clearly indicated in his insistence that in the definition of 
a concept the reaction of some organism to the object pre- 
sumably designated by that concept be included. 

Apparently, however, Lundberg recognizes the impro- 
priety of a rigid operationism, and grants that in spite of 
the fact that “all statements about the nature of the uni- 
verse or any part of it are necessarily a verbalization of 
somebody's responses” we must admit something which 
can be called “that which evoked these responses.” “The 
nature of that which evoked them must always be an in- 
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ference from the immediate datum, namely, our sym- 
bolized sensory experiences.” But then having made this 
concession he immediately sets about to protect himself 
by insisting that “all assertions about the ultimate ‘reality, 
‘nature, ‘essence’ or ‘being’ of ‘things’ or ‘objects’ are 

. unverifiable hypotheses, and hence outside the 
sphere of science” (59:9). In the definition of every con- 
cept there is, therefore, a non-operational element—an 
element, moreover, which must remain forever non-opera- 
tional since it is definable only as that which evoked cer- 
tain responses. And no matter how we may multiply 
responses in the future we shall never be able to get at this 
element operationally. 

Closely related to this concession is the reply which 
Lundberg makes to the criticism that operationism limits 
the meanings of concepts. He readily grants that this is 
the case, but that it should not disturb us since all defini- 
tion limits meaning. But he concedes further that in in- 
sisting upon the operational definition of a word opera- 
tionists do not “propose to deny or ignore all other refer- 
ents which this word in its traditional meanings may have 
had” (58:734). He even grants that some scientists may 
be primarily interested in those stages in the development 
of science where “intuitive methods must necessarily play 
a large part, as compared with the partly charted areas 
in which refinements of methods are the chief conditions 
of advance.” But then he seems to feel that he has con- 
ceded too much for he insists that the “intuitive pro- 
cedures should be supplanted as fast as possible by the 
more objective ones” (58:738), or, as he expresses it in 
another context, “these other meanings, in so far as they 
are relevant to the problem we have set ourselves, must be 
similarly defined operationally” (60:92-3). But if we grant 
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the necessity for introducing the notion of “that which 
evokes responses,’ which we can never even hope to de- 
fine operationally, we seem committed to the admission 
that there are some “meanings” which are known only by 
“intuitive procedures.” Further reference will be made to 
this important aspect of operationism in the ensuing chap- 
ters. 


5. Operationism of F. S. Chapin 


A still more narrowly conceived operationism is defend- 
ed by F. Stuart Chapin (35, 36). According to him a defi- 
nition may be one of three kinds: verbal, heuristic or op- 
erational. The verbal definition is the traditional kind; 
for example, “morale” may be defined as “the degree to 
which the individual feels competent to cope with the 
future and achieve his desired goals.” The heuristic defi- 
nition “uses diagrams, figures and graphic forms, to repre- 
sent the concept as an entity” (36:158); it serves mainly 
for temporary and transitional use between the verbal 
definition and the more useful operational definition. “Ad- 
vance in research that is sound should seek to replace ver- 
bal or word definitions of social concepts with operational 
definitions as rapidly as research permits” (36:155). The 
operational definition “depends upon the series of acts 
performed by the investigator in the process of measure- 
ment ... Scales to measure public opinion are con- 
structed and tested for validity. We say of a scale that has 
been standardized to measure public opinion, “Public 
opinion is what this scale measures. This is then the 
operational definition of the concept public opinion” 
(36:156). Such a statement is susceptible of check, test or 
verification. In other words, it is a more objective defini- 
tion than either the verbal or the heuristic type. 
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Here Lundberg’s behaviorism has taken on a more spe- 
cific character, for objectivity as conceived by Chapin lies 
not in all “ways of responding” but only in those which 
are metrical in character and eventuate in number scales. 
The manner in which this objectivity can be achieved may 
be illustrated by Chapin’s discussion of the concept of 
socio-economic status (35:Ch. XIX). Let us start with a 
verbal definition of “socio-economic status” as the position 
that an individual or a family occupies with reference to 
the prevailing average standards of such things as cultural 
possessions, effective income, material possessions, and 
participation in the group activities of the community 
(35:374). The problem is to objectify this concept. One 
method which suggests itself is to examine the living room 
of the home of each family whose socio-economic status 
we are to determine, and to evaluate what we find there. 
This may be done by noting the number and kinds of fixed 
features (floor, floor coverings, windows, etc.), of built- 
in features (bookcases, beds, window seats, etc.), of items 
of standard furniture (tables, chairs, etc.), and of cultural 
resources (pictures, books, newspapers, telephone, etc.) 
which are present. Values, variously weighted, can be 
attached to these items, and a number can be computed 
which may be taken as the measure of the socio-economic 
status of the family. 

Such a score must first be tested for reliability. This is 
done by having various visitors examine the same homes, 
and by having the same visitors re-examine homes which 
they have previously measured. If the correlations are 
sufficiently high the test may be considered reliable. This 
establishes the fact that the test measures consistently 
whatever it is designed to measure. 

But at this point one is tempted to raise an objection. 
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How, it may be asked, can we be sure that the test really 
measures what we intend by the term “socio-economic 
status’? We can adopt an operational definition and say 
that socio-economic status is just what the scale measures. 
But this does not seem to meet the problem. Unquestion- 
ably the number obtained by this method of surveying 
the living room measures something. But does it measure 
socio-economic status? 

Chapin grants that this objection is apparently destruc- 
tive of the very basis of operationism (36:156). But that 
this is only apparently so is readily seen when we recog- 
nize that socio-economic status and its measured value 
should not be identified until after the scale has been 
standardized. To examine a test for reliability is not suf- 
ficient; it must also be examined for validity. “The process 
of standardization, if done thoroughly, disposes of the 
question of validity, so that the assertion of the opera- 
tional form of definition ... does not beg the ques- 
tion” (36:156). The test for validity as applied to the 
measurement of socio-economic status requires us to ex- 
amine other scales designed to measure the same thing, 
and to ascertain the degree to which they are consistent 
with one another. Income suggests itself immediately as 
another way of measuring socio-economic status, and one 
finds that the correlation between the income scores and 
the living room scores is significantly high. Similar corre- 
lations may be obtained between living room scores, on 
the one hand, and scores measuring occupation, participa- 
tion in community affairs, and education of wife and hus- 
_band, on the other. The presence of these high correla- 
tions guarantees that what we are measuring is really 
socio-economic status, and the term may now be defined 
operationally in terms of the “combination” or “configura- 
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tion” of these special scores. Socio-economic status is a 
“pattern of parts forming a fluctuating whole” which then 
functions as a unit stimulus calling forth a response (35:- 
373). 

The significant contribution of Chapin, therefore, is 
not that he defines operationism in terms of metrical pro- 
cedures (Bridgman is generally considered also to have 
favored this interpretation), but that he allows compli- 
cated functions of more directly derived measured values 
to have the same “objective” status as the measured values 
themselves. Socio-economic status is not “directly” quan- 
tifiable but is measured only by means of complicated co- 
efficients of correlation between other more immediately 
obtainable quantities. The question which naturally 
arises is whether all mathematical functions of directly 
derived quantities, or only certain of these functions, will 
have “objective” status. Clearly one has the privilege of 
performing any mathematical operation he pleases on em- 
pirically given quantities; furthermore, his operations may 
be carefully specified and then will be sufficiently objec- 
tive and public to satisfy any except the most narrow- 
minded operationist. But will he be measuring anything? 
Obviously he cannot be sure that he will be measuring 
what he set out to measure, for this is not given as a direct- 
ly measurable quantity. And if not, what will he be 
measuring? This question will be further examined in 
Chapter V. 


6. Operationism of S. S. Stevens 


Psychologists have become increasingly interested in 
operationism in recent years (2, 3). Among those who 
have been strongest in their advocacy of the operational 
method is S. S. Stevens. As in the case of almost all 
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writers on operationism he gives due credit to Bridgman, 
whom he describes as “simple and hard headed” and as 
one who, in spite of the fundamental soundness of his 
position, must expect criticism because of the vital issues 
which he challenges. Furthermore, Stevens asserts, since 
psychology is more difficult than physics there is bound 
to be more dissension among psychologists than among 
physicists as to how operational principles are to be in- 
terpreted and applied. 

Yet the term “operationism” remains, even after Stevens’ 
discussion of it, extremely vague and general. It repre- 
sents the “empirical” point of view (63:27), yet we are 
given no information as to how this word is to be interpret- 
ed except that operationism has great value in eliminating 
even the “choicest propositions of metaphysics” (63:23; 
83:527). The essential demands of an operational theory 
are that the operations be “public and repeatable,” and 
that they be “concrete” (63:27, 28); in this respect he re- 
gards Bridgman’s admission that there may be “imagi- 
nary operations (17:110) as conceding too much (82:- 
324). Fundamental among operations is that of “discrim- 
ination” or “differential response,” and the sole business of 
psychology is to test and measure these discriminatory 
capacities of the organism (82:325). This suggests be- 
haviorism, but Stevens denies the identity of the two po- 
sitions. Behaviorism erred in denying too much; “opera- 
tionism does not deny images... but asks: What 
is the operational definition of the term ‘image’?” Further- 
more, operationism is not to be identified with the tra- 
ditional positivism, which “pretended to base everything 
on experience” (63:30), and thus failed to allow for the 
formal methods of mathematics and logic. What Stevens’ 
operationism reduces to, therefore, is a vaguely conceived 
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empiricism in which “the empirical” is to be defined in 
terms of the public, the repeatable and the concrete, and 
to be contrasted with both the metaphysical, which it sup- 
plants, and the formal, which it employs as a methodo- 
logical tool. 


7. The “Symposium on Operationism” 


Equally unsatisfactory, from the point of view of any 
fundamental clarification of the term “operationism,” is 
the “Symposium on Operationism” (86). Of the con- 
tributors only one, Israel, has raised significant objections 
to the general viewpoint, and his criticisms are not an- 
swered by any of the other participants. Feigl directs his 
discussion more or less to the heart of the matter and ends 
with a summarizing statement of qualities which accept- 
able operations in the factual sciences should possess. 
They should be logically consistent; sufficiently definite 
(if possible, quantitatively precise); empirically rooted, 
i.e., by procedural and finally, ostensive links with the ob- 
servable; naturally and, preferably, technically possible; 
intersubjective and repeatable; and aimed at the creation 
of concepts which will function in laws or theories of 
greater predictiveness (86:258). He then suggests a clas- 
sification of kinds of operational definitions into purely 
qualitative, semi-qualitative (“comparative” or “topologi- 
cal’) .. . fully quantitative or metrical, causal-genetic, 
and theoretical constructs. Pratt calls attention to a dis- 
tinction between two stages in the development of an 
hypothesis; “in the first stage the observations, operations, 
and correlations of an experiment are summarized by some 
phrase which can be given operational definition in terms 
of what was observed and done in an experiment, or in 
clinical practice.” In the second stage the definitions are 
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rephrased so as to intend “hypothetical agents which are 
thought of as having a real existence. This second stage 
is likely to be guesswork and imagination, and is there- 
fore objectionable to some operationists and pure correla- 
tionists ... The further the scientific imagination 
goes beyond the safe circularity of the first stage of hy- 
pothesis-construction, the more improbable it becomes 
that the agent postulated in the hypothesis can be given 
operational definition” (86:267-8). This is an important 
distinction, and will be elaborated later in the views of 
certain other psychologists. Skinner defines operationism 
in terms of observations, manipulative and calculational 
procedures involved in making them, logical and mathe- 
matical steps intervening between earlier and later state- 
ments, “and nothing else” (86:270). This emphasizes the 
negativistic aspect of operationism. But in including in his 
conception of operation all logical and mathematical steps, 
i.e., presumably all inferences which may be made from 
observations and measurements, he generalizes the term 
in a manner which Feigl (86:252) considers undesirable. 
Furthermore, one can readily see that to use the term in 
this highly general sense would immediately make all 
scientists operationists, since one could hardly conceive of 
any entity entering into scientific consideration which is 
not either observational or “inferred” from something ob- 
servational. 4 

Certain other psychologists, in attempting to clarify the 
operational point of view, have taken over and renamed 
a distinction (8:183-9) which has played an important 
role in the philosophy of science since the famous “Hy- 
potheses non fingo’ of Newton. Because the distinction is 
of great importance for the clarification of the limits of 
operationism the problem will be considered in some 


detail. 


56 Operationism 


8. Descriptive and Postulational Concepts 


It is really a two-fold problem. In the first place, a dis- 
tinction is required between concepts which are more or 
less directly descriptive, on the one hand; and concepts 
which involve the use of methods of construction, infer- 
ence, and insight or creative imagination, on the other. 
The need for this distinction arises as soon as we recognize 
that science is not confined to the mere listing and describ- 
ing of data, but involves exploratory and inventive activi- 
ties which are designed to anticipate what nature will later 
disclose to direct awareness. Northrup (68:82-3) calls the 
symbols which are employed in the former task “concepts 
by intuition,” and those which are used in the latter “con- 
cepts by postulation.” Bridgman (14:53-60) calls the 
latter “constructs.” Feigl (44) distinguishes between 
the language of data and the language of constructs. 
Margenau (62:44-6; 61) employs a similar terminology 
and claims that constructs are a special type of “auxiliary 
concept” which “release the scientist from the bondage 
of sensory experience.” Since the limits of what can be 
strictly described are not precisely determined, the dis- 
tinction between descriptive concepts and constructs is 
not a precise one; there will almost certainly be concepts 
which cannot be unequivocally placed in either class. But 
the distinction is a convenient one from the terminological 
point of view. For example, the concept of color can be 
considered to be descriptive, and the concept of the atom, 
by contrast, constructed or postulational. 


9. Constructed and Inferred Concepts 


But once this distinction has been granted, another 
arises within the field of concepts by postulation. Here 
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the terminology becomes very much confused. As we have 
just seen Margenau calls all such concepts “constructs.” 
Russell (76:155-8) subdivides them into two types, “con- 
structions’ and “inferences”; Reichenbach (73:211-2) 
distinguishes between “abstracta” and “illata” and con- 
trasts both of these with impressions, or “concreta,” which 
presumably are descriptive concepts; Bavink distinguishes 
between “elaborative” and “hypothetical” theories (6:34); 
and Cassirer (34:193-4), Dingle (37:22-4) and Hobson 
(50: Ch. II) contrast the method of “abstraction” with the 
method which produces “hypotheses.” 

It would be rash to assume that all of these writers have 
exactly the same distinction in mind. Yet there is probably 
a basic contrast which they are trying to express. We seem 
to be able to “go beyond” data by two fundamentally 
different methods; we can construct (invent) new con- 
cepts, or we can infer them. In both cases the operations 
have their origin in certain data or intuited concepts; and 
in both cases the operations may be more or less un- 
consciously performed, thus creating the impression that 
the constructed and inferred concepts are discovered 
rather than derived. But in other ways the methods are 
sharply contrasted. Construction produces concepts with 
merely a “linguistic status”; they refer to nothing directly 
and refer indirectly only to the data or intuited concepts 
which originated them. In this way the number and va- 
riety of objects in the world is kept at a minimum, since 
the diversity of symbols indicates merely a diversity in 
modes of representation, not a diversity of things referred 
to. The method is significantly employed by the nominal- 
ists and the conceptualists, both of whom interpret uni- 
versality as an indirect manner of referring to particulars 
rather than as a direct mode of referring to universals— 
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an interpretation which is in accordance with Occam’s 
razor, since the world is thereby “rid” of a certain type 
of entity. In much the same way the concept of the aver- 
age man may be considered to be a linguistic construc- 
tion out of actual men, and the concept of the perfect gas 
to be a linguistic construction out of actual gases. 

Inference, on the other hand, is something quite dif- 
ferent. While inferred concepts also have their origin in 
certain data or intuited concepts, to which they then re- 
fer indirectly, they are also assumed to refer directly to 
certain elements of the world having the status of poten- 
tial data. By inference we extend not merely our symbolic 
scheme but the realm of the given. Universals, for 
the realist, are natural elements which can be discovered 
in the world. Similarly, atoms are commonly considered 
to be inferred rather than constructed concepts; atoms are 
presumed to exist in some sense. While constructed con- 
cepts are given content through operations of “free crea- 
tion,” inferred concepts must be restricted to what we ex- 
pect later experience to disclose. In the words of Bavink, 
inferred concepts involve the “presumption of the exist- 
ence of a general state of affairs lying at the back of certain 
phenomena which are matters of experience’ (6:42). 
This reference to existence is, of course, purely tentative 
until confirmation has been completed; but inferred con- 
cepts are at least assumed to have existential reference, 
while constructed concepts are not. 

The importance of this distinction in the formulation of 
operationism can now be more readily seen. Operation- 
ally, constructed concepts are much to be preferred to in- 
ferred concepts. While for a strict operationist such con- 
cepts would be forbidden (since the operations involved 
in their creation are not physical in character), for the 
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more liberal-minded operationist constructs are perfectly 
legitimate. They have two important virtues as compared 
with inferred concepts. In the first place, they are, in 
general, more clearly defined than inferred concepts. Al- 
though, as we have just seen, both constructed and in- 
ferred concepts may be derived unconsciously, neverthe- 
less unconscious inference is somewhat more likely to oc- 
cur than unconscious construction; when we infer we are 
frequently unaware both of the fact and of the manner of 
our doing so, but when we construct we do so more or 
less deliberately and with a fairly clear-cut awareness of 
what we are doing. This is not to deny either explicit 
inference or unconscious fabrication. But it means that 
sharp definition of constructed concepts is somewhat 
easier to achieve than of inferred concepts. Constructed 
concepts are much like descriptive concepts in that, ideal- 
ly at least, all of the factors that enter into their meanings 
can be accurately specified; just as the concept redness 
means certain actual reds, as operated upon by generali- 
zation, so the concept perfect gas means certain actual 
gases arranged in order of “perfection,” as operated upon 
both by generalization and by serial extrapolation to a 
limiting case. 

But constructed concepts have another advantage over 
inferred concepts which makes them even more to be pre- 
ferred on operational grounds. Constructed concepts in- 
volve no existential commitment, since they are merely 
linguistic conveniences. Inferred concepts, on the other 
hand, require such commitment. If one shares, as so many 
operationists do, the positivistic point of view that science 
should concern itself with certainties, and should rarely 
if ever be venturesome, he tends strongly to favor con- 
structed concepts over those which are inferred. 
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Much of the discussion of the role of operations in 
psychology centers about the problems of whether, among 
postulational concepts in this field, constructs suffice or 
must be supplemented by inferred concepts. As will be 
seen immediately, the lack of an agreed-upon terminology 
is a source of great confusion. 


10. Role of Intervening Variables in Psychology 


E. C. Tolman is responsible for introducing the notion of 
“intervening variable” (63:87-102). This is necessary, he 
feels, in order to account for the role which mental proc- 
esses, either of ourselves or of another, play in the pre- 
diction of behavior. Mental processes, so far as their “cash 
value” is concerned, are simply a set of intermediary 
functional processes which connect the initiating causes 
of behavior, on the one hand, with the final resulting be- 
havior itself, on the other (63:88). Mental processes are 
but intervening variables between the five independent 
variables of environmental stimulus (S), physiological 
drive (P), heredity (H), previous training (T) and ma- 
turity (A), and the dependent variable, behavior (B). 
On the basis of experimentation we set up the tentative 
formula 

B=, Ao ea 
Since this is a very complex function, whose nature is com- 
pletely unknown except in the simple cases of reflexes 
and tropisms, we have to break it down into component 
functions. We do this by means of “logically constructed 
intervening variables” (Ia, Ib, I.). Now if we can show 
that these intervening variables are certain functions 
(£2, £2, f%2) of the given independent variables, then we 
can show that behavior itself is a certain function (f{*;) 
of the intervening variables plus the independent vari- 
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ables. In this way we shall achieve the desired functional 
statement, i.e., we shall now be able to correlate behavior 
with both its empirical conditions and certain intervening 
variables which are themselves defined as logical func- 
tions of these empirical conditions. These intervening 
variables may be considered either as “mental events” or 
as “mental capacities”, but the point is that they need not 
be introspectively defined (Tolman “doubts” that one 
can get at them introspectively (63:100)). On the con- 
trary they may be defined in strict accordance with opera- 
tional principles. 

Taking Tolman as a starting point, K. MacCorquodale 
and P. E. Meehl (63:103-111) refine the notion of inter- 
vening variable and introduce an opposing type of con- 
cept which they call the “hypothetical construct.” The 
contrast is then rendered as sharp as possible by point- 
ing out that the intervening variable has four character- 
istics, none of which is possessed by the hypothetical con- 
struct. It is “simply a quantity obtained by a specified 
manipulation of the values of empirical variables; it will 
involve no hypothesis as to the existence of nonobserved 
entities or the occurrence of unobserved processes; it will 
contain . ...no words which are not definable either 
explicitly or by reduction sentences in terms of the empir- 
ical variables; and the validity of empirical laws involving 
only observables will constitute both the necessary and 
sufficient condition for the validity of the laws involving 
these intervening variables” (63:105). The validity of 
intervening variables cannot be criticized except by deny- 
ing the empirical facts; hence all that we can say of them 
is that they are “convenient” (63:107). Hypothetical 
constructs, on the other hand, since they assert the exist- 
ence of unobserved events or processes, are true or false. 
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Melvin Marx (63:112-128) accepts this distinction, and 
directs his attention to two further questions: Is there a 
difference in function as between the two types of con- 
cepts which might justify their continued supplementary 
use in science, and is there in science a special type of in- 
tervening variable which might be regarded as an opera- 
tionally valid alternative to the hypothetical construct? 
He answers both questions in the affirmative. Hypotheti- 
cal constructs are needed in the “preliminary phases of a 
new scientific development.” The advancement of science 
requires the asking of “straightforward questions which 
can be given direct empirical answers,’ but these ques- 
tions can be derived only from some kind of prior hypoth- 
esis. Now if these hypotheses cannot themselves be op- 
erationally defined, as is usually the case in the early 
stages of science, we must rely on “operationally inade- 
quate conceptualizations’; and we must think of the hy- 
pothetical constructs merely as suggestive of research, 
not as themselves having any empirical validity. Fur- 
thermore, they must be looked upon as merely temporary 
devices and to be transformed as quickly as possible into 
“operationally purified intervening variables” (63:117). 
Thus hypothetical constructions are stop-gap devices, 
necessary in beginning science, but having no place in 
“sound scientific theory” (63:127). The special type of in- 
tervening variable which Marx introduces is described by 
the symbol “E/C” and is designed to indicate the differ- 
ence between the experimental group and the control 
group in an experimental situation. The two groups are, 
of course, so far as possible, identical except for the varia- 
tion of one factor. If when the stimulus is varied in the ex- 
perimental group the response is also varied, then the 
experiment may be considered successful. The symbol 
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“E/C” may be employed to indicate “nothing more than 
whatever intervening function needs to be assumed in 
order to account for the experimental-control differences 
empirically observed” (63:124). As can be readily seen 
this is a firm attempt to avoid any theoretical element and 
to formulate the results of the experiment in strictly op- 
erational terms. 

Psychologists, therefore, have taken over operationism 
largely because it has seemed to many of them to provide 
a solution to the troublesome problem of whether they 
need in their science specific symbols for mental processes. 
On the one hand, if one thinks of such processes as hypo- 
thetical constructs (inferred concepts), he must be pre- 
pared to find his symbols vague, and, at best, incompletely 
confirmable; hence he might better either use them only in 
the beginning stages of science or dispense with them en- 
tirely. On the other hand, if he thinks of mental processes 
as intervening variables (constructed concepts ), he seems 
to be able both to eat his cake and have it; such processes 
are not, of course, directly observable, but vagueness in 
talking about them is eliminated by defining the variables 
through “specified manipulations of empirical variables,” 
and inconfirmability is avoided by defining them in such 
a way as to make empirical laws the “necessary and sufh- 
cient conditions for their validity.” But if a variable is to 
“intervene, and yet be “empirical” without being “hy- 
pothetical,” it must have the purely linguistic status of an 
average or an idealization. The further problem would 
then be whether a science which dispenses with all but 
such linguistic tools could ever progress. 


Chapter V 


CRITIQUE OF OPERATIONISM 


1. Scope of the Problem 


As HAS already been indicated, Bridgman seems to have 
shifted in his conception of operationism from a narrow 
point of view in which the meaning of a concept was 
identified with certain operations, preferably physical in 
character, to an extremely general one in which the mean- 
ing of a concept was defined in terms of any use to which 
the concept could be put. A similarly wide range of 
interpretations is found among the sociologists and psy- 
chologists who have taken Bridgman’s view as their point 
of origin and who have adopted it with or without modi- 
fications. As a result the critic of operationism is con- 
fronted with two alternatives, neither of which is com- 
pletely satisfactory. 

On the one hand, he might take the most narrowly con- 
ceived operationism as representative of the position. 
This would require him to reject all of Bridgman’s writ- 
ings after his Logic of Modern Physics, and even some 
“hints” in this work itself, and would oblige him to dis- 
regard all followers of Bridgman who have generalized 
on his conception. But the attack would then be simple; 
it would consist of a flat denial. No concept is, or could 
be, synonymous with any given set of physical operations. 
Operationism in this sense is both false as a description 
of actual techniques of knowing and utterly futile as a 
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proposal for methods of the future. Thus the “early” 
Bridgman and his most rigid followers would seem to be 
arguing for something which is patently absurd. On the 
other hand, the critic might take as representative the con- 
siderably generalized conception which Bridgman pre- 
sents, especially in his Intelligent Individual and Society, 
but also in many of his other later writings. Here he 
seems to be saying nothing more than that operations 
of some kind usually enter into the definitions of certain 
concepts. This is a point of view with which no one could 
possibly disagree. Margenau points out that an opera- 
tionism of this kind “would not be saying much” (62:232), 
and Brunswik indicates that this is what happens to the 
theory when we do not restrict it sufficiently and allow 
“relatively casual testing procedures including introspec- 
tion” to be placed on an equal footing with objective 
methods (31:13). In view of these two extreme positions 
the critic is confronted with the task of analyzing a posi- 
tion which is either clearly false or obviously true, and 
in neither case can he have anything important to say. 

To adopt either of these attitudes, moreover, would be 
not only unfair to Bridgman and his followers, but would 
disregard completely the fact that the operational point 
of view has had a tremendous impact on modern scien- 
tific thinking. A theory which was clearly false could not 
possibly claim the large number of adherents that opera- 
tionism does today, nor could one which is perfectly ob- 
vious produce the large number of critics. One suspects, 
therefore, that there must be an element of truth in the 
position—a strong element, in fact—which seems to lend 
itself only too readily both to overstatement and to under- 
statement. The problem is to extract this kernel of truth, 
and to give it a formulation which is as concise as possible. 
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A third alternative might seem open to the critic. In- 
stead of criticizing any existing conception of operation- 
ism he might point simply to the absence of any agreed- 
upon definition, or, what amounts to the same thing, to 
the large number of definitions, not equivalent to one an- 
other, which have appeared since the publication of 
Bridgman’s first book on the subject. He could then take 
his stand on the thesis that until a satisfactory definition is 
forthcoming, no criticism of the position is possible. But 
this would only confuse the issue further by inviting an- 
other flood of definitions. These would be contributed 
not only by new converts to operationism, but (what is 
more important) by the former advocates of the position, 
who, like Bridgman, progressively broaden their inter- 
pretations in the light of criticisms. Operationism, in 
common with the closely affiliated position of logical 
positivism, began with a point of view which was per- 
fectly clear-cut but obviously absurd. Then, through 
revisions and reformulations it achieved a greater and 
greater generality, with an ever increasing ambiguity. As 
a consequence, there is no definable meaning running 
through all the interpretations; the word should in all 
strictness always be written with a subscript, indicating 
both the name of the definer and the date at which he 
formulated his definition. But this would make the criti- 
cism of the position an almost impossible task. 

In this chapter the attempt will be made to bring to- 
gether some of the most common criticisms of operation- 
ism. That certain of these will be invalid for some types 
of operationism follows from what has just been said. 
Those criticisms which have been selected for considera- 
tion are deemed to be basic, and such as to apply to any 
except the most generally conceived operationism. 
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2. Over-Emphasis on Particularity 


The first criticism is the tendency on the part of opera- 
tionism, especially as exemplified in Bridgman, to place 
undue emphasis on the particularity of every operation. 
This seems to be the common complaint of a number of 
critics of operationism, among whom are Lindsay (53:457- 
8), Israel (86:261) and Benjamin (7:442-4). We saw in 
the discussion of the historical antecedents of the posi- 
tion that this stress upon uniqueness and individuality is 
found in the entire empirical tradition; for the empiricist 
the particular is ultimately more real than the universal, 
and therefore the final court of appeal in all matters of 
knowledge. Bridgman emphasizes the fact that an op- 
eration is an act performed by a given individual at a 
certain time and place. But if this is true another opera- 
tion, however similar to the first, must be a different one 
since it will be distinguished at least by spatial or temporal 
location. Two measurements of the length of a given 
object, even if the results are the same, can be distin- 
guished. Now if a concept is always to be defined by an 
operation, and each operation is a particular, the concept 
itself takes on the particularity of its mode of definition. 
Not only will there be a difference between the tapeline 
length of a field and the triangulation length (even if the 
measured values are the same), but there will be a differ- 
ence in meaning between all individual tapeline lengths 
of the field (again, even though the measured values are 
the same). 

Although some operationists are not so explicit in their 
insistence upon particularity, they adopt a position which 
readily lends itself to the same interpretation. The con- 
tinued reference to the observable leaves no alternative, 
for only particulars can be observed in the strict sense. 
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To be sure, two particulars may be observed to be similar 
to one another, but so also, as we shall see in a moment, 
may two operations. Nevertheless, in seeing them as two 
we recognize their differences, and these differences, on 
a strict operational interpretation, would have to be in- 
cluded in any concepts which we employ to designate 
them. The insistence by Stevens (63:28) and by Hart 
(47:293-7) on concreteness presumably reduces to the 
same thing. While the word “concrete” is ambiguous, 
referring either to the particular (the individual) or to 
the specific (that which has a low level of generality), the 
context of Stevens discussion seems to indicate that the 
reference here is to the particular rather than to the kind. 
Finally, the almost universal insistence by operationists 
on the need for clarity in our conceptual tools again sug- 
gests the reference to particulars, for all generality in- 
volves a greater or lesser degree of vagueness. 

To this charge Bridgman might well reply that it neg- 
lects entirely his emphasis on repeatable operations (86:- 
246 ), on operations which can always be performed (such 
as the mathematical operation of adding one to an in- 
teger) (21:124), and on the equivalence of different op- 
erations which give “very nearly or perhaps the identical 
result” (21:121). Thus he might insist that a concept is 
defined not by a unique operation, performed here and 
now, but by a class of operations connected with one an- 
other either by resemblance or by some other mode of 
correlation. This may, in fact, be what Bridgman has in 
mind in speaking of a “set” of operations. This term is 
ambiguous since it may mean a class of operations, or a 
series of operations exhibiting a certain sequence. In any 
case we are not told to what degree operations must be 
similar for them to constitute a set. 
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But again one is confronted by the obstinate fact that 
Bridgman seems to feel that experience is ultimately only 
of particulars. This can be seen in his continued reference 
to himself and his own operations (19:8-9, 83; 20:21), 
when he attempts to determine the meaning of any con- 
cept. He even suggests, as we have seen, that his op- 
erational theory is to be understood in terms of what he 
does with it, not in terms of what he says about it. And 
he has on many occasions (19:13-4; 26:43-61) insisted that 
science is ultimately and finally a subjective matter—a 
matter of what the individual himself thinks and does. 
Furthermore, he has claimed that unless we define in 
terms of operations actually performed we run the risk 
of using self-contradictory or physically impossible opera- 
tions (86:246-7; 19:9). Still again, operations should not 
be generalized, for there seems to be no method of guar- 
anteeing the future of such operations as we now accept 
(21:125). The final reference is always to particulars in 
their contexts (20:56), and definition in terms of unique 
operations is the only safe procedure in physical situations 
(273255). 


3. Need for Generalizing Operations 


It is difficult to reconcile these opposing tendencies in 
Bridgman. Apparently operations both differ from one 
another and resemble one another. As actually per- 
formed, operations are unique, and concepts defined in 
terms of these operations should preserve this uniqueness. 
But where operations resemble one another closely this 
uniqueness may be disregarded and two similar operations 
may be said to define the same concept. The simplest way 
to express this fact would be to say that in all conceptual 
definition there is implicitly present an operation of gen- 
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eralization. Only by virtue of this operation are we per- 
mitted to disregard both the accidents of time and space, 
which determine the uniqueness of each particular op- 
eration, and the accidents of the specific characteristics, 
which determine the differences between kinds of opera- 
tions. Where the operations both resemble and differ 
from one another we may neglect the differences in favor 
of the resemblances—an act which is made possible by 
our ability to generalize. Apart from acts of this sort no 
concepts of any kind would be possible and our scientific 
vocabulary would be limited to proper names. This may 
have been one of the reasons for Bridgman’s introduction 
of mental operations. Certainly a mental operation of 
this kind is not only possible but absolutely necessary if 
there is to be any such thing as conceptual thinking. 
Stevens has tried to take care of this difficulty by admit- 
ting that there is a “procedure for generalizing from op- 
erations’ (63:33). He does not state that generalization 
thereby itself becomes an operation which necessarily 
enters into the meaning of every concept. But he admits 
that the rules for generalization should be stated. Un- 
fortunately, in this respect, he has no distinctive contribu- 
tion to make. We combine operations when they satisfy 
the criteria of a class; and the class-concept is defined by 
the operations which determine inclusion within the class 
(63:34). We construct classes by “correlating” our dis- 
criminations, and in this process a certain latitude is al- 
lowed. The result is that no concept is without its halo of 
uncertainty. But this says only that in order to determine 
a class we must have a concept, and to the extent to which 
the concept is vague the class is inadequately determined. 
This is hardly the unique contribution of operationism. 
Marx (63:124) states the issue clearly but does not show 
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how it is to be settled. “If concepts of a high degree of 
generality are essential objectives of scientific theory, 
how can they be obtained through the use of constructs 
postulated specifically to refer to a particular set of ex- 
perimental operations?” His only solution, as we saw, is 
to propose that a particular construct, E/C, be given strict, 
operational meaning, and then subsequently generalized 
to refer to an increasing number of different kinds of ex- 
perimental situations. This must always be done, of 
course, “with considerable caution.” Tolman states frank- 
ly that we merely “assume” that a curve which adequately 
describes behavior response for certain values of the vari- 
ables will hold of others as well (63:95), and that every 
curve is itself a concept whose meaning involves explicit 
reference to a generalizing operation. 

Israel (86:260) puts his finger on the precise objections 
to this procedure. Let us suppose that two metrical op- 
erations are shown to be equivalent by virtue of the fact 
that when performed they yield the same quantities. 
This argument “involves detaching the concept of quanti- 
tative value from its operational meaning and assigning to 
it the status of an absolute property, quantity of a kind 
which transcends the methods by which it is determined. 
Equivalence is a relative concept which demands a point 
of reference outside of the equivalent items . . . outside 
of the operations themselves.” “By introducing the non- 
operational construct of absolute quantity the operation- 
ist escapes from the narrow limits of his highly restricted 
doctrine.” If I understand Israel here, what he is saying 
is that the operational theory is inadequate because in 
order to classify two operations as equivalent we must 
employ a non-operational concept as the principle of our 
classification. This seems to be precisely what the ra- 
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tionalists have been saying for many years when they 
have insisted that particulars can be grouped into classes 
only by virtue of universals, which are not themselves 
completely definable in terms of particulars. Stevens 
might reply by stating that the difficulty can be met by 
admitting that this “absolute” quantity is itself an opera- 
tional concept derived by generalization. But Israel’s 
point would remain, that if this is so the operation of gen- 
eralization is unique among operations, and its employ- 
ment is in fact precisely the kind of procedure which the 
original operationists, in their reaction against the ab- 
solutes of Newtonian physics, were trying to avoid. 

The difficulty can be further clarified by analyzing Cha- 
pin’s procedure in his attempt to give an operational defi- 
nition of “socio-economic status.” It will be recalled that 
the concept is first defined verbally in terms of the position 
which a family under consideration occupies, as indicated 
by cultural possessions, income, material possessions and 
participation in group activities. It is then redefined op- 
erationally by showing that the values obtained by the 
measurement of these “aspects” of socio-economic status 
and of certain others, such as education of the mother and 
father, exhibit a high degree of correlation. “Socio-eco- 
nomic status” is then defined as the correlation of these 
values. 

But why are just those measured values examined for 
correlation? They do not give “very nearly or perhaps 
identical results,” but only results which have a fairly 
high degree of correlation. How high must the correla- 
tion be to warrant grouping the values together as mea- 
surements of the same thing? In the case of tapeline and 
triangulation measurements of the length of a field there 
is an obvious truth in saying that they are measurements 
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of the same thing; but this thing—length—must, in Israel's 
phrase, “transcend the methods by which it is deter- 
mined.” “Length” must mean something “over and 
above’ that which is detectable by tapeline and triangula- 
tion, and the presence of this “plus-element” permits an 
indefinite number of later measurements to be included in 
the definition of the concept. 

Consider the simplest case, in which I measure the 
length of a field by tapeline operations and come out with 
a certain result. The outcome is a specific number which 
cannot have the status of a concept, since it is defined 
only by particular operations performed here and now. 
The length of the field is, then, this number. But now 
suppose I wish to check my measurement by performing 
the operation a number of times. Regardless of whether 
the results are in substantial agreement I can redefine 
“the length of this field” as the aggregate of the numbers 
obtained, or as the mode, or the median, or the average, 
or some other function of them. This is still a particular, 
since the aggregate of numbers is not a class but a collec- 
tion. Now I take the next step. Once more I redefine 
“the length of the field.” However, I include not only the 
operations actually performed but also certain others, not 
at the moment specified. Why are they not specified? 
Simply because, not being omniscient, I cannot foresee 
what they may be. This means that the expression “the 
length of this felda has an element of vagueness—some- 
thing “absolute,” in Israel’s sense, or at least something 
which cannot at the moment be operationally defined. Yet 
I prefer to leave the expression in this vague form in order 
that I shall not be required to redefine it every time I dis- 
cover a new mode of measurement. 

True generalization could be achieved only in case I 
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were to proceed to any field, and thence to any area. This 
would involve a further element of vagueness, since, as 
Bridgman himself points out, measurements of the very 
large and the very small frequently require new types of 
operation. But unless and until these operations are spec- 
ified the concept is vague, and if they are specified the 
concept becomes restricted in range, and any later opera- 
tion, even if it is found to produce similar results, will de- 
fine a different concept. 

An excellent example of the reductio ad absurdum of 
this basic insistence on particulars can be seen in a pro- 
posal by Franz Adler (1:438-44). He suggests that we at- 
tempt an operational definition of a certain concept which, 
in order to avoid confusion with any other concepts, we 
shall call “Cy.” This score is the sum of the values ob- 
tained when an individual fills in a questionnaire which 
asks how many hours of sleep he had on the previous 
night, how long he estimates his nose to be, whether or 
not he likes fried liver (plus 1 for yes, minus 1 for no), 
how many feet he judges there to be in a yard, and so on. 
The refined Cy rate is then to be computed from this by 
taking the test daily for “as long as one can take it” and 
employing an elaborate formula involving Cy, the num- 
ber of weeks the test is repeated, a correction constant, 
and soon. The resulting function is, as may be expected, 
a very complex one containing radicals, exponents and 
summation signs. Thus it has all the earmarks of a care- 
fully derived scientific concept. 

Now what may we do with this concept? It is, says 
Adler, pure nonsense. Yet “the test measures Cx and Cy 
is what the test measures. We are confronted here by a 
seemingly closed system . . . still Cx does not make sense; 
we are unable to form a concept of it” (1:439). This is 
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typical of the procedure of the operationist. “Where the 
operationist writes about a new phenomenon he devises a 
measurement, then defines the phenomenon as what is 
measured by his measurement. Thus he gains an ad- 
vantage over anybody who might question either his mea- 
surement or his concept. This provides an absolute safe- 
guard against criticism” (1:441). But what, then, of the 
claim of the operationists that operational definition pro- 
vides a tool for differentiating between concepts which 
correspond to reality and those which are merely verbal? 
The concept of age as applied to a man certainly has both 
operational definition and reference to reality; so also 
does the concept of height. Now suppose, following the 
suggestion of Hempel (49:46), I multiply a man’s height 
by his age, getting a number which I then call his hage. 
This is operationally defined, but does it have any refer- 
ence to reality? Possibly. But now let me take the 
square root of the logarithm of this number. This is op- 
erationally defined. Does it have any reference to reality? 
One would find it hard to say. Even if I were to discover 
that every man, measured in this way, possessed a unique 
number, I should be tempted to look upon it more as a 
device for locating him, like his social security number, 
than as an indication of any “property” which he pos- 
sessed. In fact, it looks suspiciously like some of the ver- 
bal concepts which the operationists hoped to eliminate 
by their new method. 

One suggestion which Bridgman makes indicates that 
he may have seen the problem which is here involved. In 
discussing the meaning of the word “sum,” he points out 
that it is commonly taken to mean the arithmetical sum of 
numbers, but that it tends to be carried over into the area 
of kinematics and applied to the sum of velocities. How- 
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ever, here the meaning is significantly different, and we 
are confronted with one of two alternatives: we can re- 
strict the meaning of “sum” to its original connotation, 
and invent a new word, say “addit,” for the sum of veloci- 
ties; or we can retain the word “sum,” using it henceforth 
to include both kinds of operation but realizing that it has 
now become ambiguous. This extension of a word from 
an originally simple situation to a more complex one in 
which only some of the original connotation is retained, is 
a characteristic trait of language. He concludes by stat- 
ing that common usage prefers ambiguity and a small 
number of words to clarity and a greater number (20:19). 


4, Conflict Between Clarity and Generality 
Bridgman has here placed his finger on the real prob- 


lem, but he has not analyzed it correctly. In our use of 
concepts we are presented with something like a conflict 
of interests. On the one hand, we want our concepts to 
be precise. This requires restricting their range of appli- 
cation by specifying all of the properties which must be 
possessed by their instances, or, in the language of logic, 
decreasing their denotation by increasing their connota- 
tion. The limit to this process is the replacement of the 
concept by the proper name, which has the maximum of 
exactness because it refers to a single instance. The pen- 
alty which we pay for this precision is the introduction 
into our language of a distinct name for every individual 
object. But, on the other hand, we want our concepts to 
be general; we wish to be able to talk about kinds of things 
without being required at the same time to specify the in- 
dividual instances. This demands that we disregard spe- 
cific qualities (decrease connotation) in order to give 
wider scope to our symbols (increase denotation), and 
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permits us to reduce the number of words in our vocabu- 
lary. But it does not commit us to ambiguous symbols, 
as Bridgman maintains. General symbols are not neces- 
sarily ambiguous; the word “color” is no more ambiguous 
than is the word “red.” There is, in the word “color,” a 
loss of specificity, and this makes it appear vague, though 
how vague it is depends on how carefully the generalizing 
operation is performed. Since it is general, its use may be 
inadvisable in certain situations where we wish to be spe- 
cific. But to dispense with the word altogether would be 
absurd since there are many situations in which we do 
not have a specific reference in mind, and the general 
term here serves our purposes admirably. Bridgman’s 
empiricism takes the form of a preference for precision 
over generality. He believes general symbols to be vague, 
ambiguous, and definable only by “verbal” operations 
which involve merely an unending substitution of one 
word for another. Since particulars alone are real, a defi- 
nitional route which goes only from words to words cannot 
produce clarity. He seems to have disregarded entirely 
the fact that generalization starts with particulars, as does 
any physical operation, and is therefore perfectly con- 
sistent with the empirical outlook. 

The point may be made clear by considering proper 
names rather than concepts. Let us give the name “Soc- 
rates’ to all the events which happened to this man up 
to and including his trial at Athens; then the name will 
mean simply these listed events—his birth, his childhood, 
his marriage to Xantippe, and so on. But if we do this 
we clearly cannot say that it was Socrates who drank the 
hemlock, for this was not listed among the events to which 
we attached the name. We shall then have to invent a 
new name for the man who drank hemlock and died. We 
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could avoid this difficulty by defining “Socrates” in terms 
of the events listed, together with certain other events in 
the future connected with these by relations of resem- 
blance and causation. But then the name would become 
vague. | 
Now let us pass to concepts. The word “red” would 
commonly be said to be defined in terms of this red, that 
red, and the other red which I have experienced and 
which I now recall. If this is the case I cannot ever ex- 
perience any new reds, for these could not be charac- 
terized by the concept no matter how closely they should 
resemble the former cases. The only way to permit 
reference to future reds is to define “red” as a definite col- 
lection of past reds together with some other events, still 
in the future, which bear to the past events a certain de- 
gree of resemblance (usually not specified). If we adopt 
the former method our concept is precise, but we must in- 
vent a new concept to apply to the newly discovered 
events. If we adopt the latter our concept may be ap- 
plied to the new cases, since it is vague in its reference; but 
we thereby avoid the need for inventing a new word. 
Finally, if we pass now to operationally defined con- 
cepts, we can see that the problem is essentially the 
same. “Intelligence” may be defined either in terms of 
existing intelligence tests, in which case the word is quite 
precise, or it may be defined in terms of something 
vaguely recognized as “intelligence’—something revealed 
by the existing tests but not to be restricted to them since 
other tests for the “same” thing may be found in the 
future. Suppose, in fact, that someone proposes measur- 
ing intelligence by the use of brain waves. If we have 
previously defined “intelligence” in terms of existing tests, 
we clearly cannot call the new device an intelligence test. 
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We must therefore invent a new word. But if we have 
previously defined “intelligence” more vaguely, we may 
apply the word to the new tests provided we feel that 
the results of the brain wave method and those of the 
question and answer method exhibit a sufficiently high 
degree of correlation. By choosing the former method we 
are able to speak more precisely, but we must multiply 
terms indefinitely, the extreme of which would be a 
language consisting wholly of proper names. By choosing 
the latter we open ourselves to the charge of vagueness, 
but we both keep our vocabulary within manageable limits 
and provide ourselves with general terms. A narrowly 
conceived operationism seems definitely committed to 
the former. 


5. Disregard of “Things” 


There is a second criticism which may be directed 
against Bridgman, and against at least some of those who 
have followed his lead. While this is closely related to the 
criticism which has just been discussed it is not, I think, 
identical with it. Bridgman and many of his followers 
have tended to disregard, or at least inadequately em- 
phasize, the fact that an operation must always be per- 
formed on something. This has seldom taken the form of 
a flat denial that operations need things on which they 
may operate, or of an assertion that they occur in a com- 
plete void. Yet Bridgman’s statement that concepts are 
synonymous with operations hardly yields to any other 
interpretation. Frequently the concession is simply, as in 
the case of Dodd, to “materials used.” But this seems 
hardly adequate. Even the doctor does not simply perform 
operations; he operates on somebody and on some portion 
of his anatomy. What is more important, the particular 
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operation performed seems to be determined partly, if not 
wholly, by the nature of that which is operated upon. Any 
object is the potentiality of all acts that can be performed 
on it, and the introduction of these operations transforms 
the object as potentiality into the object as actuality. A 
piece of sodium, for example, is not only a silver-white 
substance, but the potentiality of sodium chloride, sodium 
hydroxide, and all other compounds into which it may en- 
ter by proper chemical action. In the most general sense, 
an operation is any act performed on something to pro- 
duce something else or at least a change in the original 
thing operated upon. And what is produced is clearly the 
result both of what was operated upon and the operation 
performed. We perform certain operations in measuring 
space and certain others in measuring time. This dif- 
ference is based on the fact that we are immediately pre- 
sented with the “spread-out” character of space, on the 
one hand, and the “passage” of time, on the other, and 
we thus see that the use of micrometer screws, tapelines 
and light signals is suitable for measuring the former, and 
hour glasses, clocks and the movements of the heavenly 
bodies are appropriate devices for measuring the latter. 
This seems to have been recognized by Bridgman when 
he says that “the physical essence of time is buried in that 
long physical experience that taught us what operations 
are adapted to describing and correlating nature’ (14:79). 
To delve into this, he admits, would go beyond the scope 
of operational definitions and, perhaps, “beyond the verge 
of meaning itself.” Thus space and time mean something 
independently of operations, and it is only because we 
grasp these meanings, however vaguely, that we are able 
to invent methods for rendering them precise through 
operations. But if there is meaning beyond the scope of 
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operational definition one may well ask whether the op- 
erational theory can then be adequate. 

To this question Bridgman has, presumably, an answer. 
For example, in discussing the claim that the relativity 
theory reduces simply to “pointer readings” or “coinci- 
dences,” he points out that if the equations are to have 
content there must be some sort of physical happenings 
whose qualities are not determined wholly by the mathe- 
matical framework. Neglect of these happenings produces 
the absurd statement, often made, that there is nothing in 
nature except pointer readings, or that Alles ist Coinci- 
denz. “Let anyone,” Bridgman says, “who maintains that 
there is nothing in nature except pointer readings or co- 
incidences, engage to reproduce the situation that gave 
rise to the pointer readings in terms only of the framework 
and the pointer readings themselves” (19:75). Or, again, 
in discussing whether “intelligence” can be defined as 
“what intelligence tests measure” he points out that any 
“definition of phenomenon by the operations which pro- 
duced it, taken naked and without further qualification, 
has an entirely specious precision, because it is a descrip- 
tion of a single isolated event, without even the existence 
of a criterion to determine when it recurs or whether the 
description of the event is complete” (86:248). Initially, 
he says, we use the word “intelligence” to describe certain 
aspects of behavior, of ourselves and of others. Since the 
word is much too vague to be precisely applied we set 
about to find some simple procedure which will make 
more exact what we vaguely feel to be involved in the 
concept. But how do we set about to do this? We must 
be sure that intelligence “recurs”; this means that the con- 
cept cannot be so vague as to prevent our recognition 
of repeated instances. But mere recognition of repeated 
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instances does not suffice. For “operational definitions, in 
spite of their precision, are in application without signifi- 
cance unless the situations to which they are applied are 
sufficiently developed so that at least two methods are 
known of getting to the terminus” (Ibid., italics mine). 

Here Bridgman seems to be saying quite clearly that 
intelligence is a thing which we at first vaguely recognize 
in ourselves and in others, and which we then try to 
render precise by noting, first, its recurrence, and, second, 
its testability by at least two methods having some kind 
of correlation. It is perhaps not important for Bridgman’s 
general position that the two methods for measuring intel- 
ligence may be quite different from one another, while the 
two methods for measuring the length of a field may 
closely resemble one another. In either case the two 
methods must “give very nearly or perhaps identical re- 
sults.” But having measured intelligence in this way we 
have an operational definition of the term which we then 
substitute for the old definition on the grounds that it is 
more precise and easier to apply. This is the concept, in- 
telligence, to whose definition we were led by the vaguely 
recognized thing, intelligence. 

But many of Bridgman’s statements seem to contradict 
this. For example, he points out that the definition of 
“intelligence” in terms of what the tests measure begs the 
question, for by using the word “what” it assumes “the 
repeated application of the test and the discovery that 
the results of the test have the properties of a ‘what’” 
(86:248-9). And the word “what,” Bridgman says, is 
simply an accident of language and should not commit 
us to a Platonic realism (5:240). In these statements 
Bridgman seems to be denying that there is any “what” 
which originates the problem in the first place. Thus 
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Bridgman seems both to affirm and to deny the need for 
“things” on which operations may be performed. 


6. Presumed Identity of Nature and Knowledge of 
Nature 


If we generalize this difficulty we can see that the denial 
of “things,” or, at best, the uncertainty as to their status, 
is responsible for some of the absurdities and confusions 
in the operational point of view. If there are no “things” 
but only operations, then presumably there is no nature 
but only our knowledge of nature. Bridgman and Stevens 
seem willing to accept this strange consequence. Says 
Bridgman, “From the operational point of view it is 
meaningless to separate ‘nature’ from ‘knowledge of na- 
ture” (14:62). Says Stevens, “A statement about a da- 
tum is a statement about a construct . .. we had best 
dispense with the distinction between data and constructs 
. . . there are only constructs—of various orders of com- 
plexity and inference” (84:100). The similarity in these 
two beliefs can be readily seen if we add that for Stevens 
the immediately given experience is defined operationally 
in terms of differential responses of the reacting organism. 
In “placing discrimination at the basis of all science we 
allow it to usurp the position formerly enjoyed by ‘ex- 
perience or the ‘immediately given.’ Does this substitu- 
tion mean that.experience and elementary reactions are 
equivalent? It does, precisely” (84:95). Thus all con- 
structs—which are indistinguishable from data—are be- 
havioristically defined, and there can be no operational 
difference between “that which” produces the behavior 
reaction and this reaction itself. 

It should be noted that Bridgman says merely that on 
operational grounds we cannot separate nature from our 
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knowledge of nature, but that Stevens says we cannot dis- 
tinguish them. The two men are not therefore asserting 
precisely the same thing unless Bridgman is willing to ad- 
mit that inseparability implies indistinguishability. But let 
us examine Stevens statement in the form, “Nature is 
identical with our knowledge of nature.” Presumably 
the proof of such a statement would have to establish that 
it is: (1) analytic, (2) empirically confirmed, or (3) 
pragmatically useful. 

(1) Iam unable to see that the proposition can be ana- 
lytic, except by the introduction of arbitrary definition. 
One could, of course, set up a postulate system which 
would make it analytic. One might say, in fact, that the 
very postulates of the operational point of view—suppos- 
ing them to have been formulated much more precisely 
than has been the case up to the present—do exactly 
this. Similarly, the non-operationist (who has been even 
less successful in formulating his postulates than has the 
operationist ) would presumably find the statement con- 
tradictory. The point is that as the words “nature” and 
“knowledge” are ordinarily understood it is neither ob- 
viously true nor obviously false that nature is identical 
with our knowledge of nature, and only the adoption of 
more or less arbitrary definitions of these two terms would 
make it either the one or the other. 

(2) If the proposition is empirical it may be one which 
is confirmed by direct inspection of facts, or one which is 
indirectly confirmed in terms of its consequences. Being a 
general statement, i.e., a statement to the effect that na- 
ture is always indistinguishable from our knowledge of 
nature, it could not be confirmed by direct inspection of 
any particular fact of cognition. It must therefore be an 
hypothesis, progressively confirmed in terms of its impli- 
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cations. If this is true we ought in a class of situations 
like, say, our knowledge of trees, to be able to decide by 
some sort of direct inspection whether this knowledge is 
indistinguishable from the trees themselves. But the an- 
swer in this case cannot be decisive, since it again depends 
on how “knowledge” is to be defined. If the word is taken 
to include any “awareness” of an object in the broadest 
possible sense then the statement would be confirmed, 
since every case in which we “get” nature is also a case of 
our knowledge of nature, i.e., to “get” nature is to know 
of its existence. On the other hand, if “knowledge” is op- 
posed to something which can be called “presentation,” 
and consequently restricted to symbolic or conceptual 
interpretation, then the statement in question would be 
disconfirmed. We often have “knowledge about” things 
when we are not “presented” with them, and we even 
find, in fact, that when we are “presented” with them we 
can still distinguish our knowledge from that which is 
presented. This certainly means that what is to be known, 
and our knowledge of it, are distinguishable. 

(3) To establish the pragmatic validity of the statement 
would not be an easy task. This is due to at least two con- 
siderations. In the first place, the operationists are them- 
selves divided as to whether the statement or its contra- 
dictory is the more useful to believe as a working basis for 
science. We have already seen how strong the pragmatic 
motivation is in the operational attitude. All operationists 
seem disturbed by the failure on the part of science to ad- 
vance as rapidly as it should, all are searching for the rea- 
son for this, and all seem to find it in the employment of 
methods which allow vagueness, “metaphysics,” non- 
empirical hypotheses and other non-operational elements 
to enter as presumed concepts of explanation. Some op- 
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erationists, however, while insisting on the desirability of 
precisely defined concepts, are willing to admit that vague 
ideas, imaginative hypotheses, models and other devices 
have a certain temporary role to play in science. In the 
case of Marx, for example, hypotheses and other ideas 
expressed in the language of common sense are important 
in the early stages of the development of a science; these 
should, however, be replaced by operationally defined 
concepts as soon as possible. So also in the case of Lund- 
berg, whose admission of the notion of “that which” 
evokes responses might well constitute an acknowledg- 
ment that nature is distinguishable from our knowledge 
of nature; he would presumably say that if “nature” is that 
which evokes the responses which we express by “knowl- 
edge of nature” the two must be distinguishable, at least in 
theory. To be sure, he would deny that any assertions can 
be made about this “ultimate nature,” since all such hy- 
potheses would be unverifiable and therefore outside the 
sphere of science. Presumably, therefore, his willingness 
to admit the existence of “that which” evokes responses, 
in distinction from the responses themselves, is prag- 
matically motivated. 

In the second place, the pragmatic justification of the 
statement in question would be difficult by virtue of the 
fact that there is not just one goal of science but many. 
Even if we exclude the practical goal, e.g., the production 
of gadgets, the elimination of disease, the increase in ma- 
terial comforts and the like, the theoretical goal itself is 
variously conceived. In the very broadest sense, of course, 
we want knowledge which will be as accurate and com- 
prehensive as possible; this principle would certainly be 
accepted by operationists and non-operationists alike. 
But in the achievement of this goal we may employ 
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methods and procedures which are not only diverse but 
may even be conflicting. For example, clarity is obviously 
an important criterion for scientific ideas. But clarity 
can be achieved only to the extent to which there is 
“agreement” between nature and our knowledge of nature, 
and perfect clarity would presumably require that these 
be identical. On the other hand, predictability of truths 
not yet known is another important criterion for scientific 
ideas. But this would require a sharp differentiation of 
nature from our knowledge of nature, since it would de- 
mand a distinction between potential knowledge and ac- 
tual knowledge. As a result, the pragmatic justification of 
the statement in question seems also to fail. If clarity 
and predictability are conflicting but legitimate goals of 
knowledge the devotees of clarity are entitled to insist 
upon the identity of nature and our knowledge of nature 
and the devotees of predictability to deny it. 

But there is another line of attack against the operation- 
ist’s claim of the identity of nature and our knowledge of 
nature. This involves the demonstration that the op- 
erationists who explicitly accept this identification im- 
plicitly accept also its contradictory, thus exhibiting an in- 
consistency in their own thinking. We have already seen 
that this is the case with Bridgman. Take also the case of 
Stevens. He points out that operations may be of various 
orders of complexity, extending from elaborate experi- 
mental procedures at one end to simple discriminatory re- 
sponses at the other. Among these the discriminatory 
responses are the most fundamental (84:94-5). In fact it 
is precisely these responses which define “experience,” for 
he says that by a sensation is meant a “class of reactions.” 
“What is important here is that from the point of view of 
science we never find red as such, we find only such situa- 
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tions as man sees red, i.e., an organism discriminates. 
Thus the sensation red is a term used to denote an ‘ob- 
jective’ process or event which is public and which is ob- 
servable by any competent investigator” (83:524). But 
how about the investigator himself? “As a psychologist 
he observes the reactions of another human being and 
what is even more interesting, he may himself be observed 
by another experimenter who may in turn be observed so 
that we pass . . . into a potentially infinite regress.” But 
then Stevens says—and this is very significant—“we must 
disrupt such a regress by stopping it arbitrarily at some 
point. In other words, in admitting any item to the body 
of scientific knowledge, we assume at some stage an in- 
dependent experimenter whose qualifications to observe 
and record data are not in question” (84:95). But what is 
this experimenter who must be assumed? He is some- 
thing which is not operationally defined (though he may 
be operationally definable if discriminated by another ex- 
perimenter) and which must be assumed or taken for 
granted at some point in order that science may go on 
(47:312). This is the fate of all relativisms. If A is de- 
fined only by its relation R to B, and if ARB is then de- 
fined only by its relation R’ to C, and so on; then we are 
confronted either with an infinite regress, in which case 
nothing can be defined, or we must arbitrarily stop the 
process and admit that some particular relational complex, 
say, (ARB) R’C, is not itself relative to anything else. 
This inconsistency in Stevens’ position can be clearly 
indicated by another quotation. “Any attempt to define 
the term experience operationally or point out what, con- 
cretely, is meant by the philosopher's ‘given’ discloses at 
once that the discriminatory reaction is the only objective, 
verifiable thing denoted” (84:95). This says unmistak- 


Critique of Operationism 89 


ably that the discriminatory reaction is more objective 
than that which produces it. But if a psychologist ob- 
serves the reaction then his own discriminatory response 
becomes more objective than the reaction which he is ob- 
serving, and so on for other psychologists observing him. 
Now the only way to avoid the infinite regress is to sup- 
pose some reaction which has its character determined 
without reference to any other reaction toward it. But, 
if we are obliged at some point to suppose something de- 
finable without reference to any reactions, why not identi- 
fy this with the “philosopher's “given’” and thus avoid 
creating a regress which we have to terminate arbitrarily? 
If the arbitrary termination is demanded by the need for 
supposing something as given without reference to a re- 
action, it is simpler to make this a sense-datum rather 
than a reaction to a reaction to a sense-datum. If nature 
is then identified with the given, and our knowledge of 
nature is identified with any discriminatory or other op- 
erational reaction to this given, one can no longer claim 
that nature is indistinguishable from our knowledge of na- 
ture. Nature will be “that which” originates our knowl- 
edge, or nature will be the potentiality as over against the 
actuality of knowledge. In the words of Feigl (who does 
not adopt the extreme operational point of view on this 
matter) “things are... what they are known and 
knowable as” (86:257). To admit the concept of the 
knowable is inconsistent with a thoroughgoing operation- 
ism. 

The final objection to this claim that there is no distinc- 
tion between nature and our knowledge of nature applies 
mainly to Bridgman’s statement that concepts are synon- 
ymous with operations, though it also applies to all those 
operationists (Stevens, Lundberg) who tend to relegate 
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to a position of insignificance “that which” evokes the op- 
erational response. Since, as we have seen, an operation 
is always performed on something one would expect a 
concept to be defined in terms of two entities—the thing 
operated upon, and the operation performed. But if the 
thing operated upon is either denied, as in the case of 
Bridgman’s definition, or expressible only as “that which” 
or as an x (59:15), what could be meant by an operational 
definition? Consider, for example, how, if this were the 
case, one would define the very concept “operation” itself. 
The concept “operation,” of course, refers to an operation. 
But the operation is “that which” is referred to by the 
word; there is no other operation involved in its meaning, 
except that of generalization, and this is involved in all 
concepts. The point is that the concept “operation” is 
explicitly operational, since it means an operation, but the 
concept “length,” for example, is only implicitly operation- 
al, since an operational act is involved in its determina- 
tion. Or, to put the point another way, the concept 
“length” and the concept “measuring” are fundamentally 
different in character and cannot receive the same kind of 
operational definition. Measuring is an operation but 
length is not. Concepts which are explicitly operational 
are those which are represented linguistically by words 
ending in “-ing,” such as “counting,” “experimenting,” 
“generalizing, and “inferring,” with correlative forms 
sometimes ending in “-ion.” Concepts such as “length,” 
“mass, and “time” do not mean operations explicitly, 
though they may require the use of operations in their 
definitions. 

If the operationists are to be interpreted literally in 
what they say on this matter they are implicitly commit- 
ting themselves to an activistic metaphysics which, while 
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not an impossible world-view, is indeed a strange one for 
a group who tend to scorn metaphysics of any kind. Yet 
many of their statements admit of no other interpretation. 
Stevens’ claim that the “given” is simply the discrimina- 
tory reaction is unequivocal; reaction is a kind of action, 
and action is activity; hence the world (as that which can 
be given) is mere activity. Similarly, when Bridgman 
says that length is measuring, science is sciencing, and 
intelligence is testing, he is taking the same position. On 
other occasions he says that our methods of handling 
the world have a greater stability than the external world 
itself (27:257), and that one important aspect of the op- 
erational point of view is to see the world in terms of ac- 
tivities rather than in terms of things (28:4). This is not, 
of course, an out-and-out metaphysics, since Bridgman 
does not say that the world contains only operations. But 
when he says that an analysis of the world into activities 
“goes beyond” an analysis into objects (28:5), there is a 
strong suggestion that an activistic interpretation of the 
world would be more basic than one which is not. 


7. Failure to Provide a Classification of Operations 


The third criticism, which applies in general as well to 
the followers of Bridgman as to Bridgman himself, is the 
failure on the part of the advocates of this position to 
provide us with an adequate classification, or even with 
an adequate list, of the main kinds of operations. A pos- 
sible exception to this is Feigl who, as we have seen, sug- 
gests that there are five main types. In the context of 
this listing, however, he does not make any claim that the 
list is exhaustive, nor does he discuss in any detail the 
distinctions between the various kinds (86:257). Dodd 
admits that there may be qualitative as well as quanti- 
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tative operations, but neither he nor Feigl tells us what a 
qualitative operation is. Stevens calls attention to the 
need for recognizing as the most fundamental operation 
that of discrimination (83:524), and he agrees with Feig] 
that mathematical operations should not properly be in- 
cluded in the operations of operationism (63:28). Other 
psychologists (63:114-22, 71-81) have attempted listings 
of “types of theoretical constructs,” and if these may all be 
presumed to be operationally definable the listings may be 
taken to represent kinds of operations required to define 
the respective constructs. But, as we have seen (Chap. 
IV), the confusion with regard to kinds of postulational 
symbols (theories, hypotheses, constructs, intervening 
variables) makes such listings practically useless. The 
distinction between methods of inference and methods of 
construction seems to correspond to what many operation- 
ists would characterize as the distinction between the 
vague, non-operational techniques supposedly employed 
by the metaphysicians and by early scientists, and the 
precise, operational techniques which are found in the 
“approved” sciences of today. But if this is true then 
certain types of postulational symbols would be non-op- 
erationally defined, and a list of kinds of postulational 
symbols could not be taken as a list of kinds of operations. 

As we have already seen, Bridgman admits mental op- 
erations in addition to physical ones, and he suggests that 
the former can be roughly divided into verbal operations 
and pencil and paper operations. None of these kinds can 
be sharply differentiated from the others, and none can 
be separated from the others (21:123, 129; 27:256). With 
regard to the possibility of separation he says that they 
are so intertwined, and so reinforce and supplement one 
another, that it would possibly be meaningless to attempt 
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such a thing (29:160). He mentions “directed” opera- 
tions, i.¢., operations involved in “understanding,” and 
thereby suggests that there may be operations which are 
not employed in understanding. But he has given us no 
analysis of understanding. For example, we cannot dis- 
tinguish between good and bad operations (21:126) or 
between useful and useless operations (86:248 ) unless we 
have a clearer conception of what the goal of understand- 
ing is. 
8. Bridgman’s List of Operations 


Perhaps, therefore, the best way to approach the prob- 
lem is to list the various kinds of operations which Bridg- 
man mentions. Since he nowhere presents such a list, 
and, indeed, at one point suggests that it would not be 
profitable to attempt an exhaustive classification of the 
non-instrumental or mental operations (25:483), I can- 
not assume that the enumeration here given is complete. 
Doubtless some important kinds have been omitted. First 
are physical operations. These are also called “manual” 
(21:128), “instrumental,” and “laboratory” operations 
(29:258 ). The most commonly cited example is measure- 
ment. Non-physical operations are all mental, and these 
are subdivided into verbal operations and paper and pen- 
cil operations. Mental operations are characterized by 
the fact that they “have no necessary physical validity” 
(19:11). They can also be called “mental experiments,” 
and they exhibit a world in which free invention is pos- 
sible. Analogy, for example, is a mental operation (29:- 
260). Mental operations are subject to the restriction that 
they must be capable directly or indirectly of “making 
connection with instrumental operations” (Ibid). Verbal 
operations are mental operations which are illustrated by 
asking oneself questions (What shall I do next? Who said 
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that? Would I say thus and so in such and such a situa- 
tion? ), and by making verbal substitutions (21:125). In 
our use of verbal substitutions we frequently discover to 
our dismay that there are verbal regressions which are 
unending. These must be called “unresolvable” since 
they do not end in something non-verbal. Paper and 
pencil operations are best illustrated by mathematics, but 
they include any manipulation of symbols, regardless of 
whether or not these are the conventional symbols of 
mathematics. Logic, for example, involves paper and 
pencil operations; these include the drawing of conclu- 
sions by syllogistic reasoning and by induction, and the 
invention of logical laws such as the law of excluded mid- 
dle (19:36; 20:47). 

Such a classification of operations, while suggestive, 
leaves much to be desired in the way of precision and 
exactness. Its inadequacy is clearly disclosed when we 
try to fit into it certain operations which Bridgman ap- 
parently admits into his scheme without telling us exactly 
how. Observation, for example, is an operation. Bridg- 
man says that the subject matter of all attempts at under- 
standing is activity of one sort or another, either in the 
perception and recognition of sense impressions, or in the 
performance of deliberate physical manipulations or of 
deliberate thought (21:115-6). Again, he says that test- 
ing is an operation; this deliberate act may be simply plac- 
ing oneself in such a position that his sense organs may be 
acted on and then paying attention to the resulting sen- 
sations (86:246). Presumably this is a mental operation, 
but it is not strictly either verbal or paper and pencil. 
Furthermore, if perception is an operation then at least 
some operations always involve a “what,” a something 
which is operated upon; for perception in the absence of 


Critique of Operationism 95 


anything to be perceived is meaningless. And to admit 
that in “recognizing our own feelings” (20:75) we are per- 
forming an operation, is to grant the need for a referent for 
operations; we could hardly observe our own feelings if 
they were not there to be recognized. 

In addition, explanation is presumably also an opera- 
tion (14:37 et seq.). But if so it would have to be mental, 
and at least partly verbal. Furthermore, the essence of 
explanation consists in reducing a situation to elements 
which are so familiar that we accept them as a matter of 
course, and our curiosity rests (Ibid.). But not all ex- 
planations are “good”: to explain by “metaphysical” op- 
erations (19:10, 35), “idealizing” operations (Ibid.), “mys- 
tical” operations (20:27, 77) or by the operation of “being 
used with certain verbal forms’ is in each case bad, and to 
explain by “models” and “constructs,” while useful, is a 
dangerous method (14:53). 

An attempt will be made in the concluding chapter of 
this study to eliminate some of the confusion in this list 
of operations by presenting an alternative list whose mem- 
bers are, it is hoped, somewhat more precisely defined. 
Bridgman wants to justify the operational approach by 
pointing out the obvious fact that in the broadest sense 
operations are completely inescapable; everything that we 
do, in fact, is an operation. But many acts which we per- 
form have nothing whatsoever to do with our cognitive 
activities; consequently operations should be restricted to 
those which are useful in explanation. Now these un- 
questionably involve something more than merely physi- 
cal operations, since we must also observe, invent symbols 
and then manipulate these symbols by verbal operations 
in order to get them into the form which will permit us to 
say that they explain something. And this means that 
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explanation as an act is normative or purposive, and can 
only be formulated in terms of what we consider to be 
the goal of the scientific endeavor. Bridgman’s difficulty, 
as well as that of many of his associates, lies in the fact 
that the discussion of operations, and of their presumed 
justification, is carried on without benefit of a general 
theory of knowledge which would define the goal of the 
intellectual process. In Bridgman’s case this is clearly 
indicated in his continual shift between the pragmatic 
theory of truth and the correspondence theory; it should 
be obvious that operations which are quite legitimate ac- 
cording to one theory are not according to the other. 
What should be even more obvious is that the conflict be- 
tween the operationists and the non-operationists is itself 
due to fundamentally opposed theories of knowledge. 


9. Failure to Distinguish Symbolic and Non-Symbolic 
Operations 


The final criticism is the failure of most operationists 
clearly to distinguish operations which are symbolic from 
those which are not. Strictly speaking only symbolic op- 
erations are cognitively significant. By “symbolic opera- 
tions” are meant any operations which “produce” symbols 
or which give meaning to symbols. For example, a deno- 
tative gesture of pointing to an individual and saying, 
“That’s Smith” is a symbolic operation employed to give 
meaning to the name “Smith.” Similarly, an ostensive 
definition of “red” may be given by pointing to a group of 
red things, and adding that what is meant by “red” is 
these things together with others bearing a certain kind of 
resemblance to them. Again, an operational definition of 
the temperature of a gas may be provided by inserting 
a thermometer in it and then observing the number coin- 
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ciding with the height of the column of mercury; or an 
operational definition of the slope of a line by determining 
the tangent of the angle which the line forms with the 
horizontal. In some of these cases the operations are 
dominantly physical and in some cases they are not. But 
it is in the physical cases that there is the greatest danger 
of confusing symbolic operations with those which are 
non-symbolic. Take the case of measuring the tempera- 
ture of a gas. This can be looked upon as a purely non- 
symbolic operation, having no cognitive significance. It 
involves setting up a complex causal situation consisting 
of the gas and the inserted thermometer, and then not- 
ing what effect is produced. Now what is important is 
that the effect is itself simply another physical situation— 
the position of the mercury in the tube. Even the number 
on the scale is merely a physical event. Taking the tem- 
perature of a gas is exactly like pushing an electric switch 
to turn on the light, or driving in a nail with a hammer, 
or baking a cake. No symbolic operations are involved, 
and the acts might be performed more or less uncon- 
sciously. In all such cases we are neither trying to learn 
anything nor attempting to create symbols which may 
later have cognitive significance; we are simply trying to 
produce certain desired results by introducing the proper 
causes. 

What, then, gives such an operation cognitive signifi- 
cance? The answer is simple and clear-cut. The event 
which is produced by the operation must refer to that 
which was involved in its creation in that unique way 
which is characteristic of all symbols. Symbols are a spe- 
cial kind of sign. A sign is defined as that which has the 
property of referring to, or indicating, something else; 
this “meaning relationship” is probably unique and in- 
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definable. But it can be readily exemplified: an overcast 
sky means rain, a flag at half-mast means the death of an 
important figure, the reading on a thermometer means 
that something is hot or cold, the fact of the light being on 
means that someone has pushed the switch, and the exist- 
ence of a cake means that someone has baked it. When- 
ever any two physical events are frequently associated 
either may become the sign of the other, and the presence 
of the one may lead a person to think of the other. But 
not all signs are symbols. A sign becomes a symbol when 
it is taken away from the physical situation and made into 
an instrument of communication; this involves making it 
a part of a language system having syntactical, semantical 
and pragmatical rules. In the great majority of cases it 
also involves replacing the physical event by an arbitrarily 
chosen symbol, such as a word or a number. In pictorial 
languages the character of the physical event is retained 
in the symbol; for example, one could easily construct a 
language in which heat would be represented by the pic- 
ture of a thermometer with the mercury standing at a high 
point on the scale. But in most modern languages this 
element of resemblance between the symbol and its ref- 
erent has been lost, and the associative tie is established 


simply by learning the language. 


10. Three Kinds of Operations 


This means that there are really three kinds of opera- 
tions. First, there are physical operations which produce 
physical events; these are of no direct cognitive signifi- 
cance since neither the producing events nor the produced 
events have the capacity to refer to one another. Second, 
there are physical operations which produce events hav- 
ing the capacity to refer back to those events involved in 
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their creation; such events may be said to be the “signs” 
of the causal events involved in their creation. Finally, 
there are operations which may involve physical aspects 
but are dominantly non-physical in character and which 
eventuate in linguistic symbols; these symbols have the 
capacity to refer to the events which were involved in 
their creation, but they have been freed from their physi- 
cal basis and have become parts of larger symbolic 
schemes having internal relations and rules for usage. 

The distinction between the three kinds can be illus- 
trated by the three interpretations which may be given 
to the claim made by many physicists that science is con- 
cerned only with “pointer readings.” In the first sense 
of the word “operation,” pointer readings are simply 
physical events connected with other physical events by 
the principles which are exemplified in the construction 
of the recording device; in this sense clocks do not mea- 
sure the flow of time but are simply rhythmic objects 
which differ from the movement of the sun only in the 
fact that they have been created by man. In the second 
sense of the word “operation,” pointer readings are physi- 
cal events which may signify other events; for example, 
the change in the position of the hands of a clock may 
signify the passage of an hour. Finally, pointer readings 
may be abstracted from the physical objects with which 
they are associated and given a symbolic character which 
permits them to be used as devices for communication; 
the word “hour,” for example, in contrast to the physical 
change in the position of the hands, is such a symbol. In 
the case of the thermometer the distinction would be be- 
tween a mark, such as 85, which represents an actual 
position on a scale, and the symbol “85 degrees Fahren- 
heit” which is part of an extensive linguistic system. 
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Now if one accepts the claim, which seems to be agreed 
upon by all operationists, that operations provide a tech- 
nique for defining concepts, only the third type of opera- 
tion will be relevant to the problem; for physical events 
are not concepts even when they have the capacity to act 
as signs of other events. Concepts are linguistic elements 
having a unique referential capacity; they are, for ex- 
ample, general, which no physical event is. The differ- 
ence can be illustrated by distinguishing between the red 
sky in the evening which may signify clear weather on the 
ensuing day, and the words “clear weather tomorrow” 
which may symbolize the same fact. Only symbolic op- 
erations, together with those physical operations which 
may be associated with them, are of significance in the 
operational point of view in so far as this is considered 
to be a theory of knowledge or of method. The function 
of operations is to define, and the only thing we want to 
define is a symbol, be it a proper name, a concept, a mea- 
sured value, an hypothesis or any other symbolic element. 


11. Operations as “Producing” Something 


The point which is here involved can be approached 
from another angle. Let us take some of the common 
formulations of the operational point of view: Concepts 
are to “be defined in terms of the operations that produce 
them” (Marx 63:20); an operational definition specifies 
the procedure which must be carried out not only in 
order to “identify” a case of the definiendum but also in 
order to “generate” it (Dodd 39:483); “a recipe for a 
chocolate cake is an operational definition of such a cake” 
(Lundberg 60:89). In all these quotations (the italics 
are mine), there is the notion of operations as producing 
or creating something. In the case of Marx that which is 
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produced is clearly stated to be a concept. But in the case 
of Lundberg it is not a concept but a thing, a cake. And 
in the case of Dodd, while the word “definiendum” 
should properly refer to a concept (since the only thing 
we define, in the strict sense, is a term), nevertheless his 
pairing of the word “generating” with the word “identify- 
ing” at least suggests that he also is talking about a thing, 
since what we are trying to do is to identify a presumed 
instance of a term, not the term itself. 

Now the question is not whether there are significant 
similarities between producing a cake and producing a 
concept; in both cases we have given materials, we “op- 
erate” upon these materials, and we create a product 
which is in a very important sense the result of the ma- 
terials and the operations. The real question is whether 
emphasizing these similarities at the expense of important 
differences may not be a source of confusion. Take the 
case of length. When we measure the length of an object 
and come out with “27 inches,” are we doing something 
more like baking a cake, or more like defining a concept? 
The answer depends on whether the “27 inches” is a mark 
ona scale (a thing) or a symbolic description (a concept). 
Merely to produce a mark on a scale, or merely to bake a 
cake, are not cognitive operations (with no aspersions in- 
tended on the intelligence of people who measure or peo- 
ple who bake), and therefore should not be called either 
“definitional” or “operational.” But to produce a con- 
cept and give it meaning on the basis of materials and op- 
erations used is at once cognitive and definitional and 
operational. 

A possible source of further confusion here is the fact 
that the traditional logic recognizes a kind of definition 
which is called “genetic.” Adler calls this (1:444) “defi- 
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nition by recipe,” and a recipe for a cake would then be a 
genetic definition of a cake. But one should note that this 
is very carelessly expressed. In one sense, of course, the 
operational definition of every concept is genetic, for we 
attempt to show how the meaning of the concept origi- 
nates in things and operations. But on this interpretation 
there would be nothing unusual in the genetic definition 
of the word “cake,” since one could achieve this merely 
by generalizing from cakes. In another sense, however, 
one could define the word “cake” by beginning with a 
recipe and materials, then baking a cake, and finally de- 
fining the word by generalizing upon the outcome of this 
activity. This is what is ordinarily understood by a 
genetic definition, and it involves, one should note, both 
physical and cognitive “operations.” In exactly the same 
way one could construct a genetic definition of “length of 
27 inches” by starting with an unmeasured length, pro- 
ducing a mark on a scale through the action of measuring, 
and then generalizing the result and making it into a sym- 
bol. No doubt one could say that the physical operations 
in both these cases take on cognitive status by virtue of 
being included in the total definitional process. But by 
themselves they are neither cognitive nor definitional, 
and to call them “operational” apart from the supple- 
mentary acts by which symbols are created is misleading 
in the extreme. In this sense, to speak of a recipe for a 
chocolate cake as an operational definition of such a cake 
is a source of great confusion. 


Chapter VI 


GENERALIZED OPERATIONISM 


1. Need for General Theory of Knowledge 


sl es FOREGOING exposition and criticism of the opera- 
tional point of view has, it is to be hoped, brought to light 
one very important point. No operational theory may 
be either justified or rejected without explicit reference 
| to a broader and more general theory of knowledge. In 
' the case of Bridgman this has been clear. He wishes to 
be an empiricist, and he wishes to be a pragmatist. In 
support of the former he must insist on precision in con- 
cepts and certainty in judgments, but in support of the 
latter he must demand that the real measure of the ade- 
quacy of any concept be its general contribution to the 
advancement of science. This accounts for his apparent 
shift from a narrowly conceived physical and metrical 
operationism in his early writings to a later and more 
broadly conceived point of view in which operations are 
allowed to contribute only partly to the meaning of a con- 
cept, or (what amounts to the same thing) in which the 
very notion of operation itself is generalized so as to in- 
clude a wide array of mental, verbal, and paper and pencil 
operations. But he seems never to have reconciled com- 
pletely these opposing points of view in terms of a gen- 
eral theory of knowledge which would attempt to evaluate 
the respective claims of exactness and utility. 
Many of the other operationists have had the same diffi- 
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culty. They seem to have been unwilling to face the more 
general problem, preferring rather to accept an implicit 
solution, and to allow this to determine their attitude to- 
ward operationism. Lundberg departs from strict op- 
erationism by admitting something which originates the 
operations, but which cannot itself be operationally de- 
fined; and in insisting on the importance of “traditional 
meanings’ and “intuitive methods,” he seems to be giving 
a place to non-operational techniques. This appears to 
indicate that he is both favorable to operationism and 
critical of it, and we cannot decide in the absence of a 
general solution to the cognitive problem how he would 
reconcile these opposing claims. Even Chapin, in giving 
objective status to complicated mathematical functions of 
more directly derived quantities, seems to be abandoning 
a rigid operationism; at least an operationism which ad- 
mits mathematical operations cannot be purely physical- 
istic. The same is true of some of the operational psy- 
chologists, such as Tolman, MacCorquodale and Meehl, 
and Marx. Tolman, in a more recent writing, has appar- 
ently recognized the difficulty in his earlier position. “T 
am now convinced that ‘intervening variables’ to which 
we attempt to give merely operational meaning by tying 
them through empirically grounded functions either to the 
stimulus variables, on the one hand, or to the response 
variables, on the other, really can give us no help unless 
we can also embed them in a model from whose attributed 
properties we can deduce new relationships to be looked 
for. That is, to use Meehl and MacCorquodale’s distinc- 
tion, I would now abandon what they call pure ‘interven- 
ing variables’ for what they call ‘hypothetical constructs,’ 
and insist that hypothetical constructs be parts of a more 
general hypothesized model or substrate” (88:48-9). 
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This seems to be a frank admission that operationally de- 
fined concepts do not have the predictive qualities which 
are needed for the advancement of science, and that we 
must therefore replace them by hypothetical constructs 
which, even if not operationally definable, do have these 
desired qualities. Porterfield (70:251-3) criticizes the op- 
erationists for giving insufficient place to “insight” in 
science. Alpert (4:857) argues that clarity cannot be the 
sole standard of science, but that “organizing ability, 
utility and meaningfulness” are also important. Marx ad- 
mits that there is a difficulty here when he allows hypo- 
thetical constructs in an early stage of science “on a gross- 
ly non-operational level of discourse,” or even in a later 
stage insofar as they serve a useful function in research. 
But at the same time he cannot resist the operational drive 
which compels him to say that their use cannot be scien- 
tifically defended and that they must be transformed into 
intervening variables as quickly as possible. This seems, 
again, to indicate a conflict, not clearly formulated, be- 
tween the empirical and the pragmatic urges in science, 
with the resolution to be found, as in the case of most 
operationists, in a rigid adherence to empiricism even 
though the method, as thus interpreted, no longer seems 
to be the one which is actually used by scientists. 

Many of the same difficulties confront the critics of 
operationism. While they are agreed that the operational 
point of view is not tenable as a principle of method, they 
appear unable to justify this rejection in terms of a more 
fundamental theory of knowledge. Israel (86:260-1) 
seems to come closest to recognizing the true limitations 
of the operational point of view; at least there is suggested 
in his criticism a more general view concerning the nature 
and goal of knowledge. That this general theory is not 
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more explicit is, of course, to be regretted. But what 
Israel appears to see clearly is that many of the operation- 
ists are arguing for two conceptions of operation, which 
are really in conflict with one another. “According to one, 
a set of operations is a rigidly invariable series of unique 
operational items, but according to the other, it is a pur- 
posive activity directed toward obtaining a certain result 
with the allowance of variation in the component opera- 
tions” (86:261). These correspond to what I have called 
in Bridgman the “narrow,” or “empirical,” conception, and 
the “broader,” or “pragmatic,” one. The conflict may be 
stated in an equivalent form by saying that concepts are 
designed to play alternative roles in knowledge. They 
must refer to that which is already known, hence they 
must be as precise as possible; but they must enable us to 
predict a future which we do not yet know, hence they 
must contain an element of vagueness and uncertainty. 
Herbert Blumer’s criticism of operationism (12:707-19), 
like the attacks of Adler (1:438-44), Pratt (71:71-122) and 
Roback (74:chap. XXV), raises important issues, but con- 
stitutes a kind of guerrilla warfare against the position 
rather than a concerted and well-planned attack. For ex- 
ample, Blumer offers five “solutions” to the problem of 
how to avoid vagueness in social science concepts. The 
first is to turn away from concepts to facts; but this mis- 
construes the task of science. The second is to continue 
to use the old concepts, and the third is to replace them 
by new ones; these do not really eliminate vagueness at 
all. The fourth, operational definition, requires the re- 
duction of concepts to quantitative values and may result 
in a loss of the “most vital part of the original reference” 
(12:711). The fifth, arriving at precise definition through 
critical analysis, is purely lexicographical and has value 
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only as such. These are hardly positive solutions to the 
problem of vagueness, for they show only that there is 
no way of avoiding the difficulty. And they do not show, 
in terms of a general theory of knowledge, either whether 
precision is to be preferred to vagueness, or, if so, just 
why this is the case. 

Because of the limitations of these expositions and criti- 
cisms of operationism an attempt will be made in this 
chapter to place the operational point of view in the 
broader context of a general theory of knowledge. Opera- 
tions are clearly functional in character; they are acts per- 
formed for the sake of achieving a certain goal. This goal 
is knowledge, or, if one wishes to take a more restricted 
point of view, the kind of knowledge which is sought by 
science. Now it is obvious that means cannot be deter- 
mined apart from ends; hence without a clear-cut concep- 
tion of what knowledge in its ideal form is, neither the 
conflict between the operationists and the non-operation- 
ists nor the disagreements within the operational point of 
view as to which operations are allowable and which are 
not can be resolved. The problem is simply one of deter- 
mining whether we need operations at all in the creation 
and development of knowledge, and, supposing that we 
do, of deciding what operations will be most effective in 
achieving our end. 


2. Demand for Clarity and Certainty 


Let us begin with empiricism, stating its main conten- 
tion in the broadest terms possible. Empiricism maintains 
that knowing is analytic of experience. This is simply a 
rephrasing of the more commonly stated thesis that all 

, knowledge is obtained from experience. In calling it an 
“analytic” act I have tried to place emphasis on the fact 
that for the empiricist everything that we need to use in 
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the attempt to know experience is itself given in ex- 
perience; there are no innate ideas, or ideas presupposed 
by experience but not given in it, or concepts given 
through a special faculty of reason. If this appears to 
be too broad a statement, since it seems to render the 
knower completely passive in the cognitive act, one may 
point out that this is not the case since the knower must 
contribute at least three things—the analytic act itself, 
which is his and not nature’s, the symbols in terms of 


which experience is to be known, and the awareness which / 
is required to differentiate knowledge of experience from) 


experience itself. But the admission of these factors need 
not destroy the essential empiricism of the position since 
the knower: (a) performs an analytic rather than a syn- 
thetic act and thus really “adds” nothing to nature; (b) 
creates not the symbols (their meanings are determined 
wholly by experience), but only the sign-takens, viz., the 
written and spoken forms, and (c) conceives of his aware- 
ness not as creating experience or even as modifying it 
but only as rendering it knowable in the only sense in 
which this is possible, since to know anything means, at 
the very minimum, to be aware of it in some sense. 

Now if the adequacy of knowledge were measured sim- 
ply in terms of clarity of concepts and certainty of judg- 
ments, one could hardly improve upon the empirical 
theory. If what we know were obtained by analysis from 
something which were given in immediate awareness, our 
concepts could be as clear and our judgments as certain 
as we chose to make them; while there could be dispute 
as to whether perfect clarity could be achieved in the per- 
ceptual situation (because of the inferential element in 
all perception) or whether observational statements could 
ever be completely incorrigible, nevertheless this type of 
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situation would provide the maximum values obtainable in 
these two dimensions of knowledge. 


3. Demand for Range 


But others have argued that there is a third dimension of 
knowledge—extent, or range. We wish to know not mere- 
ly a small portion of experience with a high degree of 
clarity and certainty, but a large portion of experience 
with such clarity and certainty as the methods of know- 
ing permit. Knowledge is not confined to objects given in 
immediate awareness, where clarity and certainty are at 
a maximum, but extends to past and future objects, 
objects located elsewhere, objects “inside” or “behind” 
those directly given, general connections between objects, 
and so on. Knowledge of this kind is obtainable only by 
inference, or by “construction, or by “insight,” or by 
some process other than an immediate examination of 
the given. 

The rationalists have insisted that this process is infer- 
ence. Inference is possible only because our knowledge 
is in some sense integrated or systematized; by inference 
we pass, by means of interconnections within knowledge, 
from what we know about experience to what we do not 
yet know. In this way inference provides a method for 
speeding the growth of knowledge—a logic for anticipat- 
ing what nature will disclose in other areas and times— 
and makes possible a more positive direction of the cog- 
nitive activity than is the case with a strictly empirical 
approach. 

This is not the place, of course, to review the history of 
the controversy between rationalism and empiricism. Suf- 
fice it to say that many empiricists have reacted favorably 
to this criticism by the rationalists, and have admitted that 
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within the framework of a strict empiricism knowledge is 
doomed to progress at an intolerably slow rate. If one is 
to be a “good” empiricist he will be as completely passive 
as possible, “listening to nature” and waiting for her to 
uncover her secrets. Such a method will permit no con- 
trolled observation, no experimentation, and no anticipa- 
tions of what might later be discovered. While there may 
be something to be said for this approach it is certainly 
not the method of science today, nor is it a method which 
is likely to produce rapid advancement in knowledge. As 
a consequence, many empiricists have sought an alterna- 
tive method, a method of exploring and prodding nature 
and of designing experiments and formulating hypotheses 
which permits us to ask nature certain questions and to 
expect clear-cut answers. This is precisely the logic of 
anticipation which the rationalists have aimed to provide. 

But now a further difficulty arises. Is this logic of dis- 
covery to be deductive or inductiveP If it is the former 
it will provide a system of rules and principles by which 
we may: (1) define symbols for objects not given in im- 
mediate experience with the same clarity as those for ob- 
jects which are directly given, and (2) justify proposi- 
tions about happenings which have not occurred within 
our immediate experience with the same certainty as those 
about happenings which have occurred. In other words, 
if our logic is deductive there need be no loss in either 
clarity or certainty; in adding the dimension of extent to 
our knowledge we shall not have to sacrifice these other 
goals. In the case of an inductive logic this cannot be 
true. 

Since a deductive logic is clearly what we want, let us 
examine its consequences for our general theory of the uni- 
verse. If there is to be such a logic of discovery nature as 
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known will have to imply nature as unknown, i.e., the 
logic will permit us to deduce from any bit of knowledge 
which we happen to have at the moment propositions 
which are necessarily true of other areas of our experience. 
To claim this is to assert something broader than the gen- 
eral thesis of empiricism, which argues that nature con- 
tains our knowledge of nature; perhaps nature, as a whole 
and as potentially known, does contain the part which is 
actually known. The thesis being suggested here is much 
less plausible, for it argues that the portion of nature 
which we actually know contains (in the logical sense) 
the portion which is still to be known, and that we can 
extend our knowledge merely by logical analysis. But 
for this to be possible the world would have to be a much 
more compact logical system than it has ever been judged 
to be. For the empiricist experience itself would have to 
have this logical structure, and for the rationalist there 
would have to be a super-empirical realm of innate or 
self-evident truths which, if known, would permit the new 
truths of experience to be deduced. 

Neither of these consequences seems compatible with 
the world as we find it. Experience does not have this 
logical structure, and the existence of a super-empirical 
realm known through synthetic a priori propositions has at 
least not been conclusively demonstrated. Our only al- 
ternative, therefore, is to suppose that the logic of antici- 
pation is not deductive but inductive. And this means 
that it can give us neither a high degree of certainty nor 
a high degree of clarity; it must be venturesome, involving 
risks and guesses, and requiring us to supplement the 
satisfying knowledge provided by things which are given 
to us through our senses by vague and uncertain theories. 
Such a method ought not, perhaps, to be called a “logic” 
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at all, since it provides no guarantees; it tells us not what 
the future must be but only what it may be on the basis of 
what we already know; and it makes symbols for unob- 
served objects not perfectly precise but only somewhat less 
vague than they would have been without such a method. 
It requires a theory of the universe not as a compact 
logical system but only as a loose-knit aggregate in which 
certain parts give “hints” of other parts; hence what we 
know at any given time will never enable us to deduce 
what we do not yet know, but will only permit us to make 
guesses. 

Our dilemma now becomes apparent. If we prefer cer- 
tainty and clarity, throwing out all conjecture and all 
vague ideas, our knowledge will necessarily remain highly 
restricted in extent, and we shall have available no tech- 
nique by which it may be extended. On the other hand, 
if we prefer knowledge of the widest possible scope, we 
shall be provided with a method by which this may be 
achieved, but we shall be forced to admit into the area 
of knowledge many ideas which are vague and many prop- 
ositions which are conjectural. We can have certainty 
and clarity without predictability, or we can have pre- 


dictability without certainty and clarity; but we cannot 
have both. 


4, Demand for Utility 


But now pragmatism comes into the picture. It argues 
that not only must we determine the methods of knowing 
by what we want the end-product, knowledge, to be, but 
we must also determine the very characteristics of knowl- 
edge itself by what we want it to do. Knowledge is de- 
signed to solve problems, and there will be as many kinds 
of knowledge as there are problems to be solved and 
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problem-situations to be met. This means that we cannot 
establish once for all the characteristics which knowledge 
must possess; knowledge will be of one kind in one situa- 
tion, and of another kind in another situation. The way 
in which the conception of knowledge may be broadened 
by pragmatic factors is illustrated by the following con- 
siderations. 

Consider the conflict just discussed—that between cer- 
tainty and clarity, on the one hand, and predictability, on 
the other. Both the advocates and the critics of opera- 
tionism seem to have been aware of this conflict, though 
they have not stated it clearly nor have they recognized 
its foundation in pragmatic considerations. The opera- 
tional method was designed to meet the demands for 
certainty and clarity; propositions must be not only con- 
firmable but actually confirmed operationally, and con- 
cepts must be not only definable but actually defined 
operationally. And if these were the only values in know]- 
edge, operationism would have won a clear-cut victory. 
But we want our knowledge also to increase in extent, and 
this requires us to employ, as instruments of prediction, 
ideas which are vague and propositions which are uncer- 
tain. The conflict has been described in different terms 
among writers in the field, and has given rise to various 
proposed solutions. Operationally defined concepts are 
called “constructs”; all others “hypotheses.” Or the former 
are called “intervening variables” and the latter “hypo- 
thetical constructs.” Some would argue that only the 
former have a place in science. Others claim that the latter 
represent “traditional meanings” of the concepts and are 
justifiable on the basis of certain “intuitive methods” com- 
monly employed in science. Still others give hypotheses 
a legitimate status in primitive science but exclude them 
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from mature science. Many writers give them only 
“heuristic” value, arguing that they direct scientific activ- 
ity but are ultimately to be abandoned since they con- 
stitute no part of the subject matter of the investigation. 
All of these solutions are based upon the pragmatic fact 
that what we want in knowledge varies from time to time 
and from situation to situation; when we want clarity 
and certainty we employ operational methods, but when 
we want to extend the area of knowledge we supplement 
or replace these methods by the logically less rigorous 
procedures which are based on analogical inference, 
hunch, intuition, and “extrapolation” beyond what is 
directly given. 

Once we have recognized this conflict we can see that 
the knowing activity is shot through, at a lower level, 
with similar oppositions—that between simplicity and 
complexity, that between generality and singularity, that 
between abstract thinking and thinking in “models,” that 
between descriptive procedures and “fictional” activities 
involving the use of ideal types and other “as-if” notions, 
that between constancy and flexibility in the meanings 
of our symbols, and so on. Take the conflict between 
simplicity and complexity as an illustration. The tradi- 
tional textbook illustration is the opposition between the 
Ptolemaic and Copernican theories of the heavens; and 
the statement is usually made that each accounts for all 
data but that the latter is preferred to the former merely 
on grounds of greater simplicity. No doubt the search 
for simplicity is an important motivating factor in science; 
we can see it in the preference for “smooth” curves, in the 
disregard of “disturbing” influences, and even in the very 
use of proper names for the purpose of tying together 
associated events or temporal series of events having a 
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certain continuity. But simplicity is not an unmixed 
blessing. Whitehead advises us to seek simplicity and 
then distrust it. And we are continually warned against 
over-simplification. The fact seems to be that at certain 
times and for certain purposes a simplified explanation is 
just what we want, but on other occasions we consider 
such information artificial and demand something which 
more accurately reveals the real complexities of the situa- 
tion, even though our knowledge becomes less neat and 
less manageable. 

Or take the conflict between descriptive procedures and 
those involving ideal types: One need not argue the de- 
sirability of descriptive adequacy in science. But the 
important role of “fictions,” “conceptual shorthand” and 
other “as-if’ devices (86:96) should not be overlooked. 
Their use clearly implies that at times we prefer not to 
describe the world, or even to employ hypothetical entities 
whose existence is doubtful, but actually to introduce into 
science entities which are believed not to exist. We state 
their behavior in contrary-to-fact conditionals. They are 
special cases of what are sometimes called “dispositional 
concepts.” Through them we learn something about 
nature. For example, we gain information about a certain 
gas if we know how it would behave under conditions of 
temperature or pressure not yet attainable, or we learn 
something about a certain individual if we know how he 
would act under conditions, say, of extreme good or bad 
fortune, never yet actualized in his case. Clearly the 
introduction of such notions involves an abandonment of 
operationism in the narrow sense, since no such entities 
can be created by physical operations. But it also requires 
giving up the imperative that science be above all things 
clear and certain. “As-if” notions cannot possibly be as 
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clear as concepts which are descriptively definable, since 
any properties attributed to them in contrary-to-fact con- 
ditionals will be based on such crude methods as analogy 
and serial extrapolation. Yet symbols of this kind have a 
demonstrated utility in science, in spite of the fact that 
they neither describe nor do they explain in the sense that 
verifiable predictions may be drawn from them. 


5. Criteria for Adequate Knowledge 


Our conclusions about knowledge may now be stated. 
Knowledge is not a simple thing, definable by a single 
quality or by a small number of mutually compatible quali- 
ties. Since this is true the usual formulations of the ideal 
of knowledge in terms of correspondence or of coherence 
or of workability are not adequate. Knowledge might 
possess all of these characteristics to the extent to which 
they are not incompatible. And to the extent to which 
they are incompatible we must be provided with a prin- 
ciple which will enable us to select that goal which is to 
dominate. This seems to make workability the final 
criterion, and there is probably some sense in which this 
is the case. But unless the kinds of workability are care- 
fully distinguished, and unless the relations of these 
various modes of utility to some of the other ideals of 
knowledge are stated we shall have accomplished nothing. 
To say that knowledge is anything that enables us to 
solve problems and thus to restore the interrupted flow of 
behavior is a gross over-simplification; in fact it is es- 
sentially a tautology. 

We have preferred, therefore, to formulate the criteria 
of adequate knowledge in terms of certainty, clarity and 
range (or scope), with the choice between these, in case 
there is a conflict, determined by a somewhat vague and 
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fluctuating criterion of workability. Two of these criteria 
—certainty and clarity—are fairly general and are prob- 
ably involved to a degree in all knowledge. But, as we 
have seen, they must often be sacrificed, at least partially, 
for the sake of predictability (capacity for referring be- 
yond what has been experienced, capacity for integra- 
tion). In essentially the same way, when we attempt to 
attain one of these general goals, we must often make a 
choice between other opposed kinds of knowledge—simple 
and complex, singular and general, abstract and pictorial, 
descriptive and ideal, constant and flexible. Certain of 
these kinds are interrelated in complicated ways. For 
example, since we can have no generic images strictly 
pictorial knowledge must always be singular; again, gener- 
al knowledge and abstract knowledge both involve some 
loss in sensuous clarity; clear knowledge must be fairly 
constant, and vague knowledge permits a certain flex- 
ibility; singular knowledge in its extreme forms permits no 
necessary prediction since there is no deductive inference 
from individual cases, and, conversely, a high degree of 
logical integration involves only the most abstract descrip- 
tive adequacy. To argue that only one of these kinds is 
“allowed” is to disregard the fact that they are all found 
in science as a going enterprise. To argue that one kind 
is “preferred” to any other requires a further indication of 
how this preference is determined by the general nature 
of the science and by the specific nature of the problem. 
The result of these considerations concerning the nature 
of knowledge is to place the problem of operationism in a 
context which offers some possibility of solution. Whether 
or not we shall employ operations, and if we do employ 
them what they are to be, are determined by what char- 
acteristics we want knowledge to possess. If operations 
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are needed at all in knowledge, they are required as 
means, not as ends. And if they are required as means 
they must be selected with reference to ends. And, finally, 
if the ends are various and competing, the operations will 
be also. Our task, then, will be, first, to decide whether 
operations are needed in the production of knowledge, 
and, second, on the basis of an affirmative answer to this 
question, to list the main kinds of operation found in 
actual knowing situations and to define each of these kinds 
in such a way as to indicate so far as possible its exact 
role in knowledge. This is a large order and can be 
filled only in barest outline. 


6. Role of Operations in Knowledge 


The first question—whether we need operations at all in 
the acquisition of knowledge—can be answered by a 
verbal decision. Knowledge is the end result of an activ- 
ity performed upon something-which-is-to-be-known. 
These three, in their proper relationship, and with the 
possible addition of the knower, who functions as the 
director of the activity and as the residence of the knowl- 
edge, constitute what may be called the “cognitive situa- 
tion.” But once we have recognized that knowledge 
never exists except as a result of an activity of knowing we 
are confronted with a terminological problem: Shall we 
use the word “operation” as synonymous with any know- 
ing activity, or shall we restrict it to certain of these activ- 
ities? If we choose the former we shall make non-opera- 
tional thinking impossible by definition. But this will 
provide little comfort to most of the operationists since 
we shall be using the term in a highly general sense 
which they would probably reject. This is, in fact, what 
Bridgman does in his later writings where he identifies 
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operations with any activity involved in the attempt to 
reduce happenings to understandability (21:115). If we 
choose the second alternative the consequences will be 
equally definite. We shall be under obligation to indicate 
exactly what knowing activities are to be characterized as 
operational, but also to admit that non-operational activ- 
ities are legitimate to the extent to which they eventuate 
in knowledge. 

We shall take the former alternative. An operation may 
then be identified with any act which is performed with a 
view to the production of symbolic knowledge, or to its 
improvement in clarity, certainty, extent, or any other of 
the more specific ideals mentioned above. All knowing is 
operational, and all operations are functionally deter- 
mined by the kind of knowledge they are designed to 
produce. Restriction of knowledge to that which is sym- 
bolic creates some problems which will be handled later. 
For example, discrimination is a cognitive operation, yet 
one cannot easily determine whether it is also symbolic. 


7. Two Meanings of “Functional” 


The use of the term “functional,” however, may produce 
precisely that confusion which an earlier discussion was 
designed to avoid. The concluding pages of Chapter V 
were devoted to an attempt to distinguish symbolic opera- 
tions from those.which are non-symbolic, and it was there 
pointed out that only symbolic operations are cognitively 
significant. Since we have now generalized the term 
“operation” to include any cognitive act, we must make 
a special effort to distinguish cognitive operations from 
those which are non-cognitive. The difficulty at this point 
is that there are two distinct meanings of the word “func- 
tional” involved. 
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Let us return to the example of taking the temperature 
of a gas by inserting a thermometer in it. This can be 
called a cause-and-effect situation, and in accordance with 
common usage the effect may be said to be a function of 
the cause in the sense that both the existence and the 
character of the effect are dependent on the existence 
and character of the cause. Furthermore, in this case part 
of the cause is an operation, viz., inserting the thermometer 
in the gas and waiting a few moments. Now consider this 
situation from the point of view of the three kinds of 
operations mentioned in the earlier discussion. (1) There 
is a physical operation producing a physical event, and the 
event may be said to be a function of the operation. But 
the situation, as it stands, need not be cognitive. (2) 
Even if the reading on the thermometer is taken as a sign 
of the temperature of the gas in the same way that a red 
sky in the evening is taken as a sign of clear weather on the 
following day, the reading may be said to be a function of 
the operation but the situation would not usually be called 
cognitive in the strict sense. Animals, of course, exhibit 
this kind of behavior, and if it is to be called cognitive 
then animals may be said to think. But (3) the act of de- 
vising a symbol (say, employing a number) to represent 
the temperature of the gas would be cognitive in the strict 
sense. For here the symbol, as distinguished from the 
sign, is created by the knower and given a place in a 
language (64:35-6). In this case also the symbol may be 
said to be a function of the operation, since its meaning is 
determined both by the operation and by that on which 
the operation is performed. Thus one might set up the 
general formula : 

y = f(x) 


where y is any effect and x is any cause (including in the 
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term “cause” both the operation and that on which the 
operation is performed). Then y, the position of the 
mercury in the tube, might be a mere effect of x, or it 
might also be a sign of x; but only as a certain number, 
i.é., as an element of a mathematical language, could y 
be a symbol of x, and hence cognitively refer to x. But 
in all these cases y would be a function of x. 

However, there is also involved here another meaning of 
the term “functional.” Anything is functional if it con- 
tributes to the realization of some end; in this sense any- 
thing which is instrumental is functional. According to 
this meaning one ought to say not that y is a function of x, 
but that x is a function of y, and the mathematical repre- 
sentation of the relationship would be completely mislead- 
ing. Inserting the thermometer in the gas is functional 
in so far as it is used to produce: (1) a reading on the 
thermometer as a physical event; (2) a reading on the 
thermometer as a sign of the temperature of the gas, or 
(3) a numerical symbol which is a certain kind of knowl- 
edge about the gas. Only in the last of these three senses 
is the operation cognitively functional. The operations to 
be discussed below are all cognitively functional; they are 
designed to produce not mere effects, or even signs, but 
symbols which will be elements of knowledge systems and 
which will have their adequacy measured in terms of the 
various ideals sought in such knowledge systems. Cogni- 
tive operations are selective acts chosen with reference to 
the creation of knowledge. 

We may say, therefore, that cognitive situations are 
functional: (a) in the sense that the symbols employed are 
defined by operations and by things operated upon, and 
(b) in the sense that the operations are selected with a 
view to producing the desired kinds of symbols. The first 
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meaning of “functional” indicates the sense in which cog- 
nition is causal; the second indicates the sense in which 
it is teleological. 


8. Three “Elements” of the Cognitive Situation 


Before attempting a classification of the main types of 
operation one further point should be clarified. In view of 
the criticisms of operationism in the previous chapters cer- 
tain general features of the role of operations may now be 
stated. 

We may restate the functional formula given above, 
applying it specifically to the cognitive situation, as fol- 
lows: 

Ss = 7(D,0) 
In this formula “S” represents any symbol, “D” represents 
any datum, “O” represents any cognitive operation; and 
the formula states that the meaning of any symbol is a 
function, in the first sense of this word, of certain things 
which are given to be known and certain cognitive opera- 
tions performed on these data. 

From this formula, as well as from previous considera- 
tions, we can readily see what would happen to the cogni- 
tive situation if any one of these elements, S, D, or O, were 
to be eliminated. Suppose, first, that we were to drop D 
and say that the meaning of a symbol is a function only of 
operations. This is substantially what would be meant by 
anyone who said that a concept is synonymous with a set 
of operations, and its absurdity should now be apparent. 
Operations must always be performed on something; 
otherwise knowledge would be produced only by know- 
ing, not by knowing anything. Suppose, secondly, that 
we were to drop O and say that the meaning of a symbol 
is a function only of data. This would also reduce to an 
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absurdity; it would make all predictive knowledge strictly 
impossible. It would be to abandon not only operationism, 
but any activistic conception of knowledge. Knowledge is 
clearly the result of a process; it does not just happen but 
is built up by action and effort, and its nature is deter- 
mined as much by how we know as by what we know. 
The existence of “-ing” forms—inferring, symbolizing, nam- 
ing, generalizing, inducing, deducing, hypothesizing, de- 
scribing, measuring—all testify to this fact. Suppose, 
finally, that we were to drop S. The same kind of diffi- 
culties would arise, for we should then have something 
to be known and a method of knowing but never any 
knowledge which is the outcome; we should have poten- 
tial knowledge, not actual knowledge. But potential 
knowledge is certainly distinct from actual knowledge, 
and each of these is distinct from the process of knowing. 
The need for distinguishing between knowledge and that 
which is only capable of being known, is indicated by the 
persistence in the history of epistemology of some element 
of potentiality in the cognitive situation. Illustrations 
can be found in Locke’s substance, Kant’s thing-in-itself, 
Mill’s Permanent Possibility of Sensation, the logical posi- 
tivists’ dispositional predicates (malleability, conductiv- 
ity, solubility), Lundberg’s “that which evokes the re- 
sponses’ (59:9), and Feigl’s conception of things as 
“knowable” (86:257). All of these create the paradox of 
“saying something, and therefore providing actual knowI- 
edge, about a world which we know only as potentiality; 
yet they—or similar notions—are required if the cognitive 
situation is to be understood even in its minimal features. 
Without something to be known, the knowing, and the 
knowledge, the cognitive situation simply does not make 
sense. 


124 Operationism 


9. Classification of Operations 


Some preliminary remarks about the following classifi- 
cation of operations should now be made. It will not in- 
clude physical operations, directed either at the produc- 
tion of mere effects or at the production of signs. This is 
not to say that physical Operations may not accompany 
most of the cognitive operations which are to be listed; 
discrimination, for example, requires all of the physio- 
logical operations used in the effective functioning of the 
sense organs, and even “thinking” itself would presumably 
be impossible without brain activity. Measurement also 
usually employs manipulatory acts, and classificatory and 
ordering operations are frequently accompanied by actual 
physical groupings of the objects to be classified, as in 
the arrangement of museum displays. All of these physical 
operations will be disregarded, but not denied, in the 
treatment which follows. 

Furthermore, the list is presumed to be suggestive rather 
than exhaustive, and its items are not supposed to be 
mutually exclusive. To construct an adequate list of 
cognitive operations would be to solve the problem of 
knowledge. What is given below is merely a proposed 
classification of the most important kinds of cognitive op- 
erations. In view of the limitations of space only a very 
brief characterization of each operation can be given. 


10. Discriminating 


Probably the most basic of operations is that of discrimi- 
nating; it may also be called “inspecting,” “attending to,” 
“discovering” and “becoming aware of.” The words 
“introspecting” and “perceiving” should be avoided since 
they tend to introduce the subjectivism-objectivism con- 
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troversy, which is irrelevant at this point. The word “in- 
tuiting” has the required flavor, but it is used in so many 
senses that its employment is not to be encouraged. 
Russell's “knowledge by acquaintance” as opposed to 
“knowledge by description” is approximately what is in- 
tended. The element of directness or immediacy, ex- 
pressed by saying that there is nothing that “comes be- 
tween” the knower and that which is known, seems 
essential to a characterization of the operation. 

The main problem in clarifying this operation is to de- 
termine whether it ever occurs in its “pure” form, or 
whether there is also involved in it at least a naming opera- 
tion (employing a strict proper name), and possibly even 
a generalizing operation (employing a concept or a com- 
mon name). The problem can also be formulated by 
asking whether discrimination is a cognitive operation. 
In view of the definition given above, in order to be so it 
must involve the creation of symbols. Hence if it is a 
case of a mere awareness without even such words as 
“this” and “that” to identify what has been presented it 
cannot be called a cognitive operation. 

One possible solution to his problem, which will here be 
stated dogmatically, is that discrimination and pure nam- 
ing are one and the same thing. What this means is that 
in becoming aware of any particular there is always an 
actual or incipient naming act involved; this is essentially a 
“tagging” act by which we create a demonstrative symbol 
(the best examples are “this,” “that,” “here,” “now” and 
“T’), which then refers back for its meaning to the thing 
discriminated. Discrimination, however, is not the same 
thing as the generalizing operation employed in the estab- 
lishment of concepts, but is operationally distinguishable 
from it; to become aware as a particular of that which is 
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being discriminated is not the same act as to become 
aware of it as representing a kind. Finally, whether dis- 
crimination is or is not separable from generalization, i.e., 
whether we ever discriminate (name) without also at the 
same time generalizing, is an important question but one 
whose answer is not required for our discussion. This may 
all be summarized by saying that discrimination is indis- 
tinguishable from pure proper naming and distinguishable 
from generalization; but whether discrimination ever oc- 
curs apart from generalization is undetermined. 

This permits us to define discrimination as the operation 
by which pure proper names are created and given mean- 
ing. In terms of our basic formula, the meaning of a 
pure proper name is determined both by the datum of 
which we are aware and by the discriminatory operation. 
But since the act of awareness is presumed to be “external” 
to the thing which is being discriminated, i.e., neither 
to modify nor to create it, the meaning of a pure proper 
name is determined almost wholly by the thing which is 
being named. Hence pure proper names in the presence of 
their referents have the possibility of the maximum clarity 
among all symbols which we employ, and in the absence 
of their referents are meaningless. Confusion should be 
avoided, of course, between the pure proper names being 
considered here, and the more common, or impure, proper 
names which function as such in actual languages; the 
latter, as we shall see in a moment, play the role of ab- 
breviated descriptions, since they require that their ref- 
erents have a certain qualitative identity in time. Pure 
proper names are required to provide a place in knowl- 
edge for that kind of act which can be expressed by say- 
ing, “I am now directly aware of such-and-such”; without 
an act of this sort knowledge would be impossible. 
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Il. Associating 


The second type of operation may be called “associat- 
ing.” It is that by which names for “things” are devised 
and given meaning, and it is distinguished from discrimi- 
nation in that it involves combining particulars, for the 
purposes of symbolic representation, into complex and 
enduring objects. Any such object then becomes “that 
which” is “constituted by,” or “contains,” the particulars, 
both those which now coexist and those which make up 
the past and future life of the object. 

There are two main kinds of association—by coexistence 
and by succession. The operation of association by coex- 
istence involves grouping particulars into complexes by 
virtue of the fact that they occupy the same, or approxi- 
mately the same, space and time; for example, a certain 
shape, size, color, texture, weight and impenetrability 
are, by virtue of their “togetherness,” combined into a 
table. Frequently this association is based also on the de- 
pendence of certain members of the complex on others; 
for example, if the size of the table were to be changed 
the weight might also change, or if its weight as measured 
by a coil spring were to be changed the weight as mea- 
sured by a balance might also change. It is this fact of 
association which the operationists have vaguely in mind 
when they recognize that we can “define the same con- 
cept by different operational routes” (Feigl, 86:255), or 
that two different operations are equivalent (Bridgman, 
21:121; 86:247-8), or that their results show a high co- 
efficient of correlation (Chapin, 35:ch.XIX). 

The operation of association by succession involves 
grouping particulars into enduring objects by virtue of 
certain resemblances which persist through time and by 
virtue of causal relationships which hold among particu- 
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lars. The impure proper names of language, as well as 
what are commonly called “descriptive phrases,” are given 
operational meaning by a combination of association by 
coexistence and association by succession. For example, 
by “Eisenhower” we mean not simply a certain complex 
of particulars which could be seen by going to Washing- 
ton, but another complex of past particulars which con- 
stitutes Eisenhower's earlier life, and still another complex 
which makes up his future activity. These stages in his 
life are associated both by similarity, since he remains 
more or less constant in appearance, personality and 
political outlook, and by causal connection, since what 
he is today is the result of what he was in the past, and 
the cause of what he will be in the future. 

Now unless these associative operations are defined as 
clearly as possible we get into difficulties of the kind 
which arose in our critique of operationism, but which 
could not be adequately discussed at that point in the 
absence of a conception as to the goal of knowledge. 
Bridgman formulated the problem in terms of a conflict 
between the desire to be clear and precise, even though 
this require an extensive vocabulary, and the desire to 
use a small number of words, with a corresponding in- 
crease in vagueness and ambiguity. We can now for- 
mulate it as a conflict between the clarity of our symbols 
and the simplicity of our symbolic scheme. To meet the 
former goal with complete adequacy a vocabulary con- 
sisting wholly of pure proper names would be required; 
but there would need to be a very large number of them, 
for each particular as it occurs would require a special 
name. To meet the latter goal with complete adequacy 
a language consisting of a small number of proper names 
would suffice; but the names would not be “pure” since 
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we could not specify exactly what complex of coexistent 
and sequential particulars would be included in the refer- 
ent of any name. As Bridgman says, common usage 
prefers ambiguity (or vagueness) and a small number of 
words to precision and a large number of words. “Eisen- 
hower,’ for example, is vague in two ways. It is vague 
in the actual scope of coexisting qualities which we now 
mean by this name; for example, it refers to certain 
qualities which we can detect, such as height, weight 
and general appearance; but it also refers to certain 
qualities which we cannot detect, such as the condition 
of his internal organs, his score on an intelligence test 
(in case he has never taken one) and what he is thinking 
about at some moment when he is not speaking or acting. 
Thus we cannot say clearly what we mean by the name 
“Eisenhower—now. But the name is vague also in its 
reference to past and future; we use it to designate all 
he has done and experienced in the past, some of which 
may be known but much of which is not known even to 
Eisenhower himself; and we use it also to designate all 
that he will do in the future, very little of which anyone 
knows. 

We can therefore see that in the introduction of as- 
sociational operations which define the usual proper 
names we must.sacrifice a certain amount of clarity, but 
our symbolic system gains in simplicity. To take the 
stock example, if “the intelligence of Mr. A” is defined 
in terms of the results of some particular test, and only 
in terms of these results, certain consequences follow: 
the word is a pure proper name, clear in its definition, but 
it cannot later be broadened in scope to include other 
measures of the intelligence of Mr. A, for there can be no 
such thing. On the other hand, if “the intelligence of Mr. 
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A” is defined in terms of the result of some particular test 
plus the results of certain tests to be devised in the future, 
all of which we characterize in terms of Mr. A’s mental 
alertness, logical acumen or discernment, then other re- 
sults follow: the word is a proper name in the ordinary 
sense, vague in its definition, but not requiring redefi- 
nition when later tests are invented. It cannot, of course, 
be a common name, since no generalizing operation has 
yet been performed. 

Stevens (83:519) seems to me to be confused on this 
point. He argues that no concept should ever be allowed 
to congeal and that operational procedure insures against 
fixation. And he then points out that the operational 
basis of a concept may be “added to and the concept re- 
named.” What is really the case, however, is that opera- 
tional procedures, if interpreted narrowly, do not insure 
against fixation; they guarantee it. A pure proper name, 
once defined, cannot be redefined; hence if such a name 
is once given meaning in terms of a discriminatory opera- 
tion its content is fixed for all time. But if we admit 
associational operations as well as discriminatory opera- 
tions the names which we invent become sufficiently 
vague to permit later broadening of meaning without 
actual redefinition. This is only to recognize that one of 
the many conflicts in the goals of knowledge has come 
into the picture—the conflict between rigidity and flexi- 
bility. For certain purposes we want a fixed language; 
it aids us in communicating with one another, in using 
the accumulated wisdom of the past, and in achieving 
clarity and precision. But it requires a multiplication of 
symbols, for a particular in my experience may not be 
identifiable with one in yours, and what we experience 
today may not be precisely what our ancestors experi- 
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enced; hence we must continually invent new symbols to 
refer to these new data. This suggests that a more flex- 
ible language, one which is capable of adapting itself to 
what is common at once to my experience, your experi- 
ence, the experience of the past, and what may be dis- 
closed in the experience of the future, has certain ad- 
vantages. It is vague, but it allows for novelty without 
an endless addition of words to our vocabulary. 

There are, of course, many other kinds of associational 
operations, determined by the various kinds of “wholes’— 
mechanical, organic, social, political, psychological, ar- 
tistic and so on—which we believe to exist. Furthermore, 
just as there are associational operations by which we 
combine elements into wholes, so there are analytic opera- 
tions by which we break up wholes into elements. Many 
authorities, for example, would insist that what is dis- 
closed by the basic discriminatory operation is not sense- 
data (or particulars, in the strict sense), which we then 
combine into objects by associational operations. On the 
contrary, what we directly perceive is objects which we 
then analyze into sense-data. The issue involved is too 
complicated to be discussed in this short monograph. All 
that need be admitted here is that the basic discrimi- 
natory operation is neither associational nor analytic, but 
that what is disclosed through this operation may be fur- 
ther operated upon by associational and/or analytic opera- 
tions. 


12. Generalizing 


The third type of operation is that of generalizing. 
This may be considered, if desired, as a special type of 
associational operation; for by means of it certain types 
of wholes (classes) may be considered to be formed by 
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association through resemblance. “Generalizing” will 
here be defined broadly so as to include the formation of 
concepts or general names (classifying, abstracting, uni- 
versalizing ), and the formation of general laws (induc- 
tion). While these two processes are logically quite dis- 
tinct, since the former starts with particulars and creates 
terms, and the latter starts with associations of particulars 
and creates propositions, nevertheless they both involve 
the “leap of thought” by which symbols are created hav- 
ing reference beyond the actual cases examined. In the 
case of concepts this produces an inevitable vagueness in 
the symbols; we cannot mean by any general name simply 
the particulars which led us to invent the name in the first 
place (Russell says (79:158) that by “hot” we mean what- 
ever Causes us to utter the word “hot”), since in this case 
the name would be a pure proper name, not a general 
name at all. By the denotation of a general name we 
mean such-and-such actual particulars plus an indefinite 
number of others bearing to these particulars a degree 
of similarity which is not at the moment specified. This 
produces vagueness very much like that involved in the 
usual proper names, and creates the same difficulties. If 
we attempt to define “red” with a high degree of preci- 
sion, including in its referents three given spots of red, 
1, r2, and rs, we cannot use the same name to character- 
ize r, but must invent a new one; on the other hand, if 
_we allow an element of vagueness in our definition, we 
can use the same name to cover the new case. Again 
we are confronted with a choice between a language 
which is clear but contains many words, and one which 
is vague but not so complex. The same difficulty exhibits 
itself in the inductive problem where we have a choice 
between the method of simple enumeration, which does 
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not result in laws at all and where there is no reference 
to unobserved cases, and the genuinely inductive pro- 
cedure, which does result in laws but covers unobserved 
cases Only in a problematic manner. Here generality and 
certainty are in conflict. 


13. Ordering 


The fourth type of operation may be called “ordering”; 
it is that by which symbols for series are devised and 
given meaning. An ordering operation is one by which a 

symbol is defined to represent particulars which are 
united into a complex by an asymmetrical, transitive and 
connected relation. These properties of an ordering re- 
lation are defined (77:29-41) as follows: A relation is 
asymmetrical if when it holds between x and y it does not 
also hold between y and x. A relation is transitive if when 
it holds between x and y, and between y and z, it then 
holds between x and z. A relation is connected with ref- 
erence to a class which is to be ordered if either it or its 
converse holds between every pair of elements of the 
class. Thus ordering, like generalizing, may be considered 
as a kind of associational operation, for it results in the 
creation of a certain type of whole. Such an operation 
is employed in the definition of a proper name of the 
usual type, since the events making up the life of an in- 
dividual may be arranged in temporal and causal orders. 
But there are other temporal and spatial relations which 
determine orders; for example, Whitehead’s relation of 
extension, by which events contain or include other 
events, and the spatial relations to-the-left-of and above, 
which determine orders under certain conditions. Other 
ordering relations are neither spatial nor temporal, such 
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as the relation of heavier-than holding among weights, 
or the relation preferable-to, holding among foods or 
aesthetic objects. Within this general framework of order- 
ing relations there arise distinctions between relations 
which generate quantitative and those which generate 
non-quantitative (comparative) orders, and between 
those which generate intensive and those which produce 
extensive quantitative orders (33:8-15; 49:54-78; 78:Pt. 
III; 32:Pt. II; 85:21-30). Detailed discussion of these 
types is unnecessary here. All that is required for our 
purposes is to recognize that symbols for ordered partic- 
ulars are defined by specifying certain ordering opera- 
tions, and that these are in turn based on discovered 
asymmetrical, transitive and connected relations holding 
between the particulars. 

Whether symbols for orders are pure proper names, 
impure proper names or generalized symbols will depend 
upon the nature of the operations employed in their 
derivations. A symbol for an order will approach the 
status of a pure proper name to the extent to which it is 
designed to refer only to the collection of particulars 
among which the asymmetric, transitive and connected 
relation holds. It will be an impure proper name if it is 
designed to refer to this collection plus certain other 
particulars, not at the moment specified, but assumed or 
to be added later when their relations to the collection 
are discovered. It will be a generalized symbol if it is 
designed to refer to other collections exhibiting the same 


kind of ordinal principle. 
14. Measuring 


The importance of order lies in the fact that measure- 
ment depends upon it. The relation between ordering 
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and measuring may be stated in an over-simple manner 
as follows: A series of particulars is metricized if there 
exists a procedure by which it may be correlated with 
the series of real numbers in the usual arrangement. This 
procedure then permits a number to be “attached” to 
each particular and to constitute its measured value. A 
measured value is called “fundamental” if there is no other 
measured value on which it depends. A series which per- 
mits fundamental measurement possesses the property 
of being “additive,” i.e., there exists a specific mode of 
combining any two elements in the series into a new ele- 
ment which may be considered as the sum of the combined 
elements; space, time and mass are examples of funda- 
mental measurements. A measured value is called “de- 
rived” if there exists a procedure by which it may be 
obtained from another measured value or other measured 
values; for example, temperature is measured by the 
length of a column of mercury, density is measured by 
dividing mass by volume, and velocity by dividing space 
by time. 

Hempel (49:sec. 13) points out that derived measure- 
ment exhibits itself in two forms, by stipulation and by 
law. Derived measurement by stipulation involves the 
invention of a “new” quantity which is defined as a 
certain mathematical function of other quantities already 
known; for example, all averages are of this kind (ve- 
locity, population per square mile, annual income, time 
required for an animal to get out of a maze, I.Q. of 
a group of individuals). But since the stipulation is pre- 
sumably free, any mathematical function of other mea- 
sured values could define a derived measurement; thus 
the square root of the product of a man’s age and his 
height would constitute a legitimate example of a stip- 
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ulated measurement, as would also the quotient of his 
I. Q. and his basal metabolic rate, the logarithms of the 
size of his shoes as he grows older, and the example given 
by Adler in Chap. V. All that is required is that the 
measured values employed in the formula be precisely 
defined, and that the mathematical function of these 
values be accurately specified. 

Derived measurement by law does not introduce a 
“new quantity but merely an alternative way of mea- 
suring one that has been previously introduced. This 
is done by discovering some law which represents the 
magnitude in question as a mathematical function of 
other quantities, for which methods of measurement have 
previously been laid down (49:70). Examples are the 
measurement of altitude by the barometer, of specific 
gravity by the hydrometer, and of distance by the trigo- 
nometric method. 

What, then, does a metrical symbol mean? It means 
one of three things, depending upon whether it expresses: 
(1) a fundamental measurement, (2) a derived meas- 
urement by stipulation, or (3) a derived measurement 
by law. (1) To say that a line has a certain length is 
to say that it is a member of a collection of lines which 
(a) can be ordered by an asymmetrical, transitive and con- 
nected relation; (b) possesses “additive” properties; and 
(c) may be correlated by means of a physical procedure 
with the series of real numbers in the usual arrangement. 
(2) To say that a gas has a certain density means simply 
that the measured value of the mass has been divided 
by the measured value of the volume, and a new num- 
ber obtained. (3) To say that a mountain has a certain 
height as measured by a barometer means that the moun- 
tain is a member of a series of objects whose heights as 
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measured by tapelines exhibit a certain degree of cor- 
relation with their heights as measured by atmospheric 
pressure, and hence that measurement in terms of the 
latter may be substituted for measurement in terms of 
the former. In the notion of stipulation there is no re- 
quirement that the derived measurement have any empir- 
ical correlation with any fundamental measurement, or 
with any other derived measurement. For example, the 
measurement of density by the quotient of the mass and 
the volume is an operationally satisfactory definition of 
this quantity, independently of the fact that liquids ar- 
ranged according to such a principle exhibit a high degree 
of correlation with liquids arranged according to the serial 
principle floats-in. But stipulated measurements are em- 
ployed in the hope that they may later be discovered 
to have empirical correlations with other measurements. 
Similarly, in the notion of measurement by law there is 
no requirement that the correlation be expressible by 
means of a simple mathematical function. Derived meas- 
urements by law are often brute correlations which, it is 
to be hoped, will later be rendered mathematical by a 
properly formulated theory. 

Since quantitative symbols presuppose symbols for or- 
ders, the former are no more precise than the latter, and 
they are of essentially the same kind. To take the second 
point first, quantitative symbols are either pure proper 
names, impure proper names, or concepts, depending on 
whether they are derived by discriminatory operations 
only; by these together with associational operations; or 
by discriminatory, associational and generalizing opera- 
tions. A symbol for a metricized series approaches the 
status of a pure proper name to the extent to which it is 
designed to identify an actual collection of particulars ex- 
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hibiting the proper serial relations; in this capacity it plays 
essentially the same role as the word “this.” A quantitative 
symbol is an impure proper name if it designates such a 
collection as extended by interpolation or extrapolation 
to include other particulars to be discovered later; in 
this capacity it plays essentially the same role as the word 
“Eisenhower. A quantitative symbol is a generalized 
symbol if it refers to such a collection as extended to 
include other collections bearing a certain degree of re- 
semblance to the given one; in this capacity it plays the 
same role as any concept, i.e., it refers to a class of in- 
stances. 

With reference to clarity, quantitative symbols are as 
clear as their operational derivations permit. Pure proper 
names have the maximum of clarity. Among metrical 
symbols those for fundamental quantities and those for 
derived quantities by stipulation have the greatest clarity; 
to the extent to which the processes of fundamental 
measurement and the functional relationships of the de- 
rived quantities to the fundamental quantities are ac- 
curately specified, the symbols are clear. Symbols for 
derived quantities by law, being obtained from the data 
by indirect operations, are correspondingly less clear. 


15. Analogizing 


The fifth type of operation is that of analogizing. It 
involves the creation of symbols having more or less re- 
semblance to actual particulars. The operation always 
explicitly or implicitly involves generalization, since not- 
ing of resemblances in going from actual particulars either 
to symbolic ones or to symbolic kinds, is always a part 
of the operation. Furthermore, since we never wish to 
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create exact duplicates, disanalogizing operations accom- 
pany the analogizing operations. By means of such com- 
plex operations symbols for entities more or less like 
actual entities are created. 

The importance of analogizing operations lies in the 
fact that by means of them the usual hypotheses, theories 
and constructs of science are derived and given content. 
In Chapter IT we found that these concepts, called “postu- 
lational” by Northrup, fall roughly into two classes, in- 
ferred concepts and constructed concepts, and that both 
of these are to be distinguished from descriptive or in- 
tuitive concepts, which refer directly to data. Postula- 
tional concepts are characterized by the fact that their 
meanings are not determined wholly by the data or in- 
tuited concepts which originated them. Since we cannot 
define them merely by inspecting certain data we must 
do it operationally by some sort of act performed on 
entities which are directly given. This produces, on the 
one hand, constructs, which have only a “linguistic status” 
and refer merely to the data which originated the opera- 
tions; and, on the other, inferred concepts, which are 
presumed to refer not only to the original data but also 
to certain entities having a hypothetical existential status. 
Analogical operations may be either constructive or in- 
ferential. The concept of the perfect lever, for example, 
is derived from actual levers by constructive, analogical 
(and disanalogical) operations, and is commonly pre- 
sumed to have only a “fictional” status. The concept of 
the wave motion of light, on the other hand, is derived 
(or could have been derived) from the wave motion of 
sound by inferential, analogical (and disanalogical) 
operations, and is commonly taken as an hypothesis having 
a certain degree of confirmation. 
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Analogizing operations (with their associated dis- 
analogizing operations) are of many kinds. Sometimes 
they start with concrete particulars and end with partic- 
ulars which are equally concrete but have been produced 
by modifications of those from which they originated. 
Frequently such concrete analogizing operations have 
physical counterparts in the creation of actual models 
made of string, rubber, pulleys, wire, etc.; examples are 
to be found in museum models of the astronomical system, 
of the structure of the atom, of the nervous system, and 
the like. Certain scientists, notably Faraday, Kelvin, 
Lodge and Maxwell, have argued strongly for this type 
of symbol in science (41: Ch. IV); Lodge even insisted 
that one does not truly understand any phenomenon un- 
less he can construct such a model. Much more common 
than actual models are those which fall into the general 
class of pictures, diagrams, sketches, maps and outlines. 
Peirce (69:2.276, 2.277) includes images and metaphors 
as well, and suggests the word “icon” to characterize all 
devices which represent by means of similarity. Peirce 
even includes mathematical symbols as a type of icon. 
Bridgman (14:52-3) argues that the model is a useful 
and, in fact, an inescapable tool of thought, since it en- 
ables us to think about the unfamiliar in terms of the 
familiar. 

Very common among analogical operations are those 
employing serial extrapolation. These are the operations 
by which symbols are derived representing extreme cases 
of variables known to exhibit themselves only within a 
limited range. Eddington calls extrapolation the method 
of “like this only more so” (42:247). By such an operation 
we are able to create symbols representing quantitative 
values beyond any which are descriptively known. Some- 
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times these involve merely “next” cases—slightly higher 
velocities, or greater densities, or shorter durations. But 
much more important are the so-called “limiting” or “per- 
fect” cases obtained by arranging actual particulars serially 
and then extending the order by progressively eliminat- 
ing “disturbing influences” until a limiting case has been 
reached. Physical examples are infinite and zero velocities, 
masses concentrated at mathematical points, perfect levers, 
frictionless motions and ideal gases. Examples from the 
social sciences are the usual ideal types—isolated indi- 
viduals, purely economic men, and utopias. 


16. General Conclusions 


In view of our previous discussion of operations we can 
now see that there is no sound reason for restricting the 
use of the term “postulational symbol” (“hypothesis,” “the- 
ory, construct”) to the results of analogical operations. 
All symbols except pure proper names have elements of 
vagueness and conjecture; the usual proper names and 
descriptive phrases include reference to undesignated 
associated qualities, and undesignated past and future 
particulars; generalized symbols include reference to un- 
observed particulars and correlations of particulars deter- 
mined by unspecified resemblance to those which are 
observed; symbols for orders and symbols for quantities 
have the same kind of vagueness. In this way every opera- 
tion except pure discrimination introduces vagueness and 
conjecture, and every symbol except the pure proper name 
introduces something hypothetical. As a consequence, 
if the operationist insists on perfect clarity his language 
is reduced to a series of such words as “this” and “that,” 
and his activity to a series of gestures of pointing. But 
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if he is willing to grant that knowing is more than mere 
discerning and involves anticipating what nature will 
later disclose, he can permit himself a more extended 
language and a more varied series of cognitive acts, but 
he is then committed to an element of vagueness and un- 
certainty. This can, of course, be reduced by more accu- 
rate specification of the operations performed—associat- 
ing, generalizing, ordering, measuring and analogizing— 
but in no case can the clarity of pure proper names be 
achieved. This is simply another formulation of the con- 
flict, referred to earlier in the chapter, between certainty 
and clarity, on the one hand, and predictability, on the 
other. We can now express it by saying that if we are 
content with what we already know—facts—we can be 
both very clear and very certain, but if we wish to know 
something else—hypotheses—we must sacrifice to a degree 
both clarity and certainty. 

This brings into clear focus the essence of the opera- 
tional theory. We want our symbols to have the highest 
degree of clarity and certainty. As strict empiricists we 
recognize that this can best be achieved if we restrict 
ourselves to symbols whose meanings are determined 
wholly by the ostensive method. But we soon realize that 
this gives a very much impoverished language, and pro- 
vides us with no techniques for extending the area of 
what we know. So we introduce operations. These seem 
to solve our problem, for they provide us with methods 
for introducing new concepts, yet concepts which need 
not be vague if we are careful to define our operations 
precisely. But we then realize that among the many opera- 
tions which we may employ only that of discrimination 
permits the necessary clarity, and this provides us with a 
language merely of pure proper names. Such a language, 
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unfortunately, is no better than the highly impoverished 
one we started out with as strict empiricists. To avoid 
this limitation we may make concessions, reluctantly per- 
haps, adding first only associational operations. But while 
we suffer only a slight loss in clarity as a result of this 
addition, we achieve only a small gain in predictability. 
If we progressively add generalization, ordering, meas- 
uring and analogizing we lose in clarity and certainty 
but gain in predictability. (Incidentally, if, as we include 
these later operations, we abandon discrimination and 
association, we then become progressively more muddle- 
headed and speculative.) Whether we accept all or only 
some of the operations will depend, in general, on our 
view of the goal of knowledge, and, in particular, on the 
demands of the specific problem at hand. A thorough 
grasp of the nature of knowledge discloses the fact that 
this is not the only opposition found in cognitive activity, 
but that the conflicts between simplicity and complexity, 
rigidity and flexibility, and the others listed earlier in the 
chapter, call for similar decisions. 

Hempel (49:28-9), in calling attention to the partial 
indeterminacy of meaning in certain concepts, suggests 
that this be called their “openness of meaning” (89). 
This is a very fortunate term, and I propose in this con- 
cluding paragraph to employ it, but to use it in a manner 
which is probably much more general than Hempel would 
be willing to accept. I suggest that all symbols be char- 
acterized in terms of the degree to which they are. open. 
Pure proper names are closed; they are defined in terms 
of the simplest and most basic of operations; and they 
have the maximum in clarity, in definiteness of reference 
and in existential commitment. As elements of symbolic 
schemes they are, therefore, indispensable. But if knowl- 
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edge is to grow, a less narrowly conceived operationism 
is required; symbols of various degrees of openness are 
demanded. This concession does not mean an abandon- 
ment of the operational point of view since open symbols 
can also be operationally defined. But it does mean that 
the operations employed in their definitions, even when 
themselves carefully defined, permit, again in various de- 
grees, vagueness, generality, predictability, indefiniteness 
of reference, uncertainty of existential commitment and 
flexibility. Whether these qualities are or are not desir- 
able will depend both on one’s conception of the goal of 
knowledge and on one’s formulation of the specific prob- 
lem at hand. But that open symbols are as indispensable 
in knowledge as proper names seems certain. The task 
of an operational theory is therefore one of listing and 
defining as clearly as possible the various operations which 
enter into the cognitive situation. The present chapter 
has attempted this in outline only. 
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